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ABSTRACT 
The t h e s i s  c o n s i d e r s  t h e  e f f e c t s  o f  v e h i c l e  
t y p e  o n  highway t r a f f i c  f l o w .  The e f f e c t s  o f  v e h i c l e  
t y p e  on  t h e  c a p a c i t y  o f  t r a f f i c  s i g n a l  a p p r o a c h e s  are 
examined by t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  of  p a s s e n g e r  
c a r  u n i t s  a t  i n t e r s e c t i o n s  i n  London and  West Y o r k s h i r e  
and  i n  a d d i t i o n  s a t u r a t i o n  f l o w s  and  l o s t  t i m e s  a r e  ex-  
amined.  . V e h i c l e  t y p e  e f f e c t s  a t  roundabou t  e n t r i e s  
a r e  i n v e s t i g a t e d  and  t h e  r e s u l t s  o f  f i e l d  o b s e r v a t i o n s  
r e p o r t e d .  Deta i l s  a r e  g i v e n  o f  t h e  g a p  a c c e p t a n c e  o f  
v a r y i n g  v e h i c l e  t y p e s ,  t h e  e f f e c t  o f  v e h i c l e  t y p e  on  
d e l a y  and  compar i sons  a r e  made w i t h  e x i s t i n g  recommenda- 
t i o n s  f o r  t h e  c a p a c i t y  d e s i g n  o f  r o u n d a b o u t  e n t r i e s .  
O b s e r v a t i o n s  o f  t r a f f i c  f l o w  o n  a  r u r a l  motorway a r e  
u sed  t o  d e m o n s t r a t e  t h e  e f f e c t  o f  v e h i c l e  t y p e  on  speed  
and  o b s e r v e d  v a l u e s  a r e  f i t t e d  t o  a  normal  d i s t r i b u t i o n .  
O v e r t a k i n g  b e h a v i o u r  i s  a l s o  examined and c o n c l u s i o n s  
drawn of t h e  r e l a t i v e  e f f e c t  on  c a p a c i t y  o f  v e h i c l e  t y p e .  
A r e v i e w  i s  g i v e n  of  t h e  e f f e c t s  o f  v e h i c l e  t y p e  on  t h e  
d e s i g n  and o p e r a t i o n  of t h e  highway sys t em i n  S a u d i  A r a b i a .  
Introduction 
CHAPTER ONE 
I n t r o d u c t i o n  
1.1 - Vehic le  f e a t u r e s  
1.1.1 - Size 
The problem of t h e  b a s i c  phi losophy of 
v e h i c l e  s i z e  w a s  i n i t i a l l y  recognized  as e a r l y  as  1920 
i n  o r d e r  t o  s o l v e  t h e  p r o d u c t i v i t y  problem. Any i n -  
c r e a s e  i n  t h e  a l l owab le  v e h i c l e  s i z e  would b r i n g  w i t h  
it some g a i n s  i n  t h e  economical  use  of highway t r a n s p o r t ,  
b u t  t h i s  may cause  highway d e t e r i o r a t i o n ,  wider  and 
h i g h e r  l oad - r a t ed  b r i d g e s ,  d e c r e a s i n g  v i s i b i l i t y  t o  
o t h e r  road u s e r s ,  t o  some e x t e n t  d imin i sh ing  t r u c k s '  
o p e r a t i o n a l  a b i l i t y  as w e l l  as p rov id ing  a n  economic 
advantage over  o t h e r  modes of t r a n s p o r t a t i o n .  
Truck wid th ,  h e i g h t  and l e n g t h  e x e r t  a n  i n -  
f l u e n c e  on f r e i g h t - l o a d i n g  p r a c t i c e s ,  t e r m i n a l  f a c i l i -  
t ies  and t h e  i n t e r - c i t y  o p e r a t i o n .  They a f f e c t  pave- 
ment and shou lde r  wid th ,  overhead c l e a r a n c e  of 
s t r u c t u r e s ,  t r a f f i c  s a f e t y  and t h e  movement of passenger  
cars. So t h e  dimensional  and performance c h a r a c t e r i -  
s t i c s  of v e h i c l e s  are b a s i c  t o  t h e  r e g u l a t i o n  of road 
use  and t o  t h e  d e s i g n  of r o u t e s  and t e r m i n a l s .  
I n  t h e  t r a f f i c  stream of today ,  t h e r e  a r e  
t h r e e  main c a t e g o r i e s  of v e h i c l e s ,  p r i v a t e  passenger  
cars, l i g h t  and heavy goods v e h i c l e s  and buses .  I n  
each  ca t ego ry  t h e r e  i s  a wide range of makes and t y p e s  
of d i f f e r e n t  performances.  D i f f e r e n t  pe rcen tages  of 
t h e s e  c a t e g o r i e s  p r e s e n t  i n  t h e  t r a f f i c  s t r eam neces s i -  
t a te  t h e  adop t ion  of a  s u i t a b l e  d e s i g n  s t a n d a r d .  
Highway des ign ,  q u a l i t y  of t r a f f i c  movement, 
and bo th  v e h i c l e  and roadway c o s t  are a f f e c t e d  d i r e c t l y  
by t h e  dimensional  a s p e c t s  of v e h i c l e s .  Pavement 
t h i c k n e s s ,  l a n e  wid th ,  t e r m i n a l  l a y o u t ,  s i g h t  d i s t a n c e ,  
and v e r t i c a l  c l e a r a n c e  are some of t h e  d e s i g n  f e a t u r e s  
a f f e c t e d  by t h e  d imens iona l  c h a r a c t e r i s t i c s  of v e h i c l e s .  
Also t h e y  i n f l u e n c e  t h e  v e h i c l e  o p e r a t i n g  c o s t s  because 
of t h e  f a s h i o n  i n  which c e r t a i n  r e s i s t a n c e  f o r c e s  ( a i r ,  
r o l l i n g  i n e r t i a ,  e tc . )  are r e l a t e d  t o  t h e  v e h i c l e  d e s i g n  
( e .g .  f r o n t e d  a r e a ) .  However, wid th  of v e h i c l e  
n a t u r a l l y  a f f e c t s  t h e  wid th  of t r a f f i c  l a n e ,  l e n g t h  h a s  
a  bea r ing  on roadway c a p a c i t y  and a f f e c t s  t h e  t u r n i n g  
r a d i u s  and h e i g h t  of v e h i c l e  a f f e c t s  c l e a r a n c e  of t h e  
v a r i o u s  s t r u c t u r e s .  C a r  s i z e s  are of p a r t i c u l a r  s i g n i -  
f i c a n c e  i n  connec t ion  w i t h  modern automobi le  usage par-  
t i c u l a r l y  i n  t e r m s  of t r a f f i c  conges t ion  and d e s i g n  of 
park ing  f a c i l i t i e s .  
T r a f f i c  d a t a  are r e q u i r e d  a t  n a t i o n a l ,  r e g i o n a l  
and l o c a l  l e v e l s .  Without a r e l i a b l e  d a t a  base ,  forward 
p lanning  has  t o  r e l y  on judgements t aken  wi thou t  s u f f i -  
c i e n t  in format ion .  I n  Great B r i t a i n  as i n  most o t h e r  
c o u n t r i e s ,  r e g u l a t i o n s  which l i m i t  t h e  maximum s i z e  of 
any v e h i c l e  used on p u b l i c  roads  are g iven  i n  t h e  Motor 
Vehic les  ( C o n s t r u c t i o n  and U s e )  Regula t ion .  Table  
(1.1.1-1) g i v e s  a  summary of t h e  maximum l e g a l  dimen- 
s i o n s  and weight of B r i t i s h  commercial v e h i c l e s  (1).  
I n  a r e p o r t  by t h e  T ranspor t  and Road 
Research Labora tory  (21 ,  it w a s  sugges ted  t h a t  i n  
c a l c u l a t i n g  t h e  l i k e l y  number of h e a v i e r  v e h i c l e s  it 
was assumed t h a t  t h e  maximum l e n g t h  of a r t i c u l a t e d  
v e h i c l e s  w i l l  be i n c r e a s e d  from 15m t o  15.5m w i t h  a 
maximum t ra i l e r  l e n g t h  of 12.3m and t h a t  t h e  l i m i t  f o r  
draw-bar combinations w i l l  remain a t  18m i n  l i n e  w i t h  
EEC D r a f t  D i r e c t i v e  7 1 / 2 7 / ~ ~ ~ .  The 1977 and 1978 
d a t a  show t h a t  about  h a l f  t h e  sample had a p l a t fo rm 
l e n g t h  of 12m o r  more, one q u a r t e r  w e r e  between 1 0  and 
12m and one q u a r t e r  between 7  and 10m i n  l e n g t h .  The 
average  f o r  t h e  sample i s  approximate ly  11.2m from 
which it i s  e s t i m a t e d  t h a t  t h e  average  o v e r a l l  v e h i c l e  
l e n g t h  i s  approximately  14.2m, assuming a dimension of 
3.2m from t h e  f r o n t  of a r t i c u l a t e d  v e h i c l e  t o  t h e  f r o n t  
of i t s  t ra i le r .  
Bennet t  ( 3 )  has  i n v e s t i g a t e d  t h e  p h y s i c a l  
c i ~ a r a c t e r i s t i c s  of t h e  whole motor v e h i c l e  f l e e t  of 
Grea t  B r i t a i n .  The d i s t r i b u t i o n  of t h e  c h a r a c t e r i s t i c s  
have been s t u d i e d  by c o n s i d e r i n g  t h e  c h a r a c t e r i s t i c s  of 
v a r i o u s  models and weight ing  t h e s e  by t h e  f requency  of 
Table 1.1.1-1 Maximum l e g a l  dimensions and weight of B r i t i s h  
commercial v e h i c l e s .  
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1 - There a r e  fek 
set l i m i t s  f o r  
v e h i c l e s  con- 
s t r u c t e d  and 
normal ly  used t o  
c a r r y  'abnormal 
i n d i v i s i b l e  
l oads .  The 
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maximum which do 
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( 2 . 5 )  
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( 2 . 5 )  
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( 2 . 5 )  
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g 1-611 
( 2 . 9 )  #...................,......... 
8'-2+" 
( 2 . 5 )  
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Height 





1 5 '  
( 4 . 5 8 )  
each  model on t h e  road system. The mean v a l u e s  of t h e  
s i z e s  of d i f f e r e n t  t y p e s  of v e h i c l e s  are shown i n  Table  
( 1 . 1 . 1 - 2 ) .  Table  (1.1.1-3) shows a comparison of  maxi- 
mum l e g a l  dimensions and weights  f o r  goods v e h i c l e s  i n  
European c o u n t r i e s ,  A u s t r a l i a  and t h e  U.S.A. 
Recent d a t a  f o r  t h e  t o p  twenty c a r  models ( 6 ) ,  
( 9 )  of  new r e g i s t r a t i o n s  i n  t h e  United Kingdom a r e  
shown i n  Tab le s  ( 1 . 1 . 1 - 4  t o  1.1.1-7) and t h e  mean v a l u e s  
of o v e r a l l  l e n g t h ,  width  and h e i g h t  of  passenger  c a r s  are 
p l o t t e d  as shown i n  F i g u r e s  (1.1.1-1 t o  1.1.1-3) which 
covers  f o u r  years1 models s t a r t i n g  1981 ( 6  1, ( 9 1. 
The d a t a  w e r e  ana lysed  t o  o b t a i n  t h e  mean 
va lues  f o r  o v e r a l l  l e n g t h ,  width  and h e i g h t  of  d i f f e r e n t  
t y p e s  of  passenger  cars. The r e s u l t s  show a  s l i g h t  i n -  
c r e a s e  i n  passenger  c a r  d imensions  and a s l i g h t  v a r i a t i o n  
i n  c a r  s i z e s  when compared w i t h  r e s u l t s  found by Benne t t .  
Table  1.1.1.-2 Vehic le  dimensions niean va lues  f o r  t h e  p e r i o d  
cove r ing  1961 t o  1974. 
(Reproduced from r e f e r e n c e  No.3) 
Type of Vehic le  
Cars  and C a r  Derived 
Vans 
S i n g l e  Uni t  Commercial 
Vehic les  Excluding C a r  
Derived Vans 
S i n g l e  Uni t  Vehic les  
of over  3.5 t o n s  Rated 
Maximum Weight 






4 . 1  
,,p,w-,o,-~-,~,,o,.9,,w,.,w~~~-,~-~--.-., 
5 . 4 8  
,,,w9,~,,,,,,-9,,,,~,,,,,,IIow,.,-I~,-..,--.---------------------- 
7 . 0 4  
Width 
1 .61  
2.05 
2.29 
T a b l e  1 .1 .1 -3  Max. legal  d i m e n s i o n  a n d  w e i g h t  i n  d i f f e r e n t  
c o u n t r i e s  ( goods v e h i c l e s ) .  
( R e p r o d u c e d  f r o m  r e f e r e n c e  No.19)  
C o u n t r y  
G.B. 
F r a n c e  
W. Germany 
I t a l y  
*-1 A u s t r a l i a  
Canada *-1 
U.S.A.  *-1 
G .  B. 
( P r o p o s e d  
R e v i s i o n )  
*1 - L e g a l  r e q u i r e m e n t s  v a r y  f o r  i n d i v i d u a l  s tates o r  p r o v i n c e .  
*2  - Weight  r e g u l a t i o n s  are too complex  t o  b e  summar ized .  
Maximum legal  d i m e n s i o n s  a n d  w e i g h t  1 9 7 8  
Wid th  
f t ( m )  
8 '  0'' 
( 2 . 4 3 )  
8 '  2.5' ' 
( 2 . 5 0 )  
8 '  25"  
( 2 . 5 0 )  
8 '  2 .5"  
( 2 . 5 0 )  
8 '  0" 
( 2 . 4 3 )  
8 '  0" 
( 2 . 4 3 )  
8 '  0" 
( 2 . 4 3 )  
8 '  2.5" 
( 2 . 5 0 )  
L e n g t h  
R i g i d  
f t ( m )  
3 0 '  0" 
( 9 . 1 0 )  
3 6 '  1" 
( 1 0 . 9 5 )  
3 6 '  1" 
( 1 0 . 9 5 )  
361 1'' 
( 1 0 . 9 5 )  
3 1 '  0" 
( 9 . 4 0 )  
3 6 '  0" 
( 1 0 . 6 2 )  
3 5 '  0'' 
( 1 0 . 6 2 )  
3 6 '  1" 
( 1 0 . 9 5 )  
Laden  Weigh t  
A r t i c .  
f t ( m )  
3 5 '  0'' 
( 1 0 . 6 2 )  
45 '  11%" 
( 1 3 . 9 3 )  
49 '  231" 
( 1 4 . 9 3 )  
4 5 '  114" 
( 1 3 . 9 3 )  
4 5 '  0" 
( 1 3 . 6 5 )  
5 0 '  t o  60  
( 1 5 . 2  - 
1 8 . 2 0 )  
6 0 '  
( 1 5 . 2  - 
1 8 . 2 0 )  
42 '  7%" 
( 1 2 . 9 4 )  





21 .7  
*-2 
*-2 
1 8  t o  24 
28 





31 .5  
"-2 
*-2 
28 t o  3 3  
32  
Total = 1 , 4 8 4 , 7 1 3  
Mean v a l u e  ( 4 . 0 2 )  ( 1 . 6 3 )  ( 1 . 3 7 )  
t 
Type o f  P a s s e n g e r  C a r  
1 Ford C o r t i n a  
-- --- 
-2 Ford.-E?!!o-T-t -- 
-3- - Ford Fiesta 
4  Austin/MG - Metro 
- - 
5 Mgrr i s - I ta l  
6  V a u x h a l l  C h e v e t t e  
- -- - -- -- 
7  V a u x h a l l  C a v a l i e r  
8  Nissan C h e r r y  
- 9  V a u x h a l l  A s t r a  
1 0  Mini 
-11 VW G o l f  
1 2  N i s s a n  Sunny 
1 3  R e n a u l t  5  
1 4  F o r d  Granada  
- - I 5  Vo lvo  300  S e r i e s  
1 6  F o r d  C a p r i  
- 17-  R o v e r  
1 8  R e n a u l t  1 8  
1 9  Yolvo  200  S e r i e s  
20 A/M Allegro 
T a b l e  1.1.1-4 Top t w e n t y  p a s s e n g e r  cars i n  t h e  U . K .  ( 1 9 8 1 ) .  
(From r e f e r e n c e s  6 and g ) 
No. 
-- 
1 5 9 , 8 0 4  
- --- 
-- 1 4 1 , 0 8 1  ---- -
. l lO ,7 -53  - 
- 1 1 0 , 2 8 3  
4-8, 490 - 
3 6 , 8 3 8  
3 3 , 6 3 1  
32 ,874  
3 0 , 8 5 4  
2 8 , 7 7 2  
2 6 , 4 1 3  
25 ,737  
2 5 , 2 2 0  
25 ,214  
2 3 , 7 7 5  
22 ,289  
2 1 , 5 0 4  
21 ,127  
20 ,778  
2 0 , 7 5 3  
% 
1 0 . 7 6  
.- 
- -  9 .50  -- 
-- 7.46 




2 .21  
2 .08 
1 . 9 4  
1 . 7 8  
1 . 7 3  
1 . 7 0  
1 . 7 0  
1 . 6 0  
1 . 5 0  
1 . 4 5  
1 . 4 2  
1 . 4 0  
1.4C 
O v e r a l :  






















3 .91  
Wid th  
(rn) 
1 . 7 0  
1 . 6 5  
1 . 5 8  
1 . 5 5  
1 . 6 4  
1 . 5 8  
1 . 6 8  
1 . 6 3  
1 . 6 3  
1 . 4 2  
1 . 6 7  
1 . 3 7  
1 . 5 2  
1 . 8 0  
1 . 6 6  
1 . 7 0  
1 . 7 8  
1 . 6 9  
1 . 7 1  
1 . 6 1  
H e i g h t  
( m )  
1 - 3 5  
- - .  1 .37  
1 . 3 2  - - 
1 . 3 7  
1 . 3 9  
1 . 3 2  
1 . 4 0  
1 . 4 0  
1 - 3 7  
1 . 3 2  
1 . 4 2  
1 . 3 7  
1 . 4 1  
1 .42  
1 . 3 9  
1 . 3 5  
1 . 4 0  
1 . 4 0  
1 - 4 6  
1 . 3 7  
T o t a l  = 1 , 5 5 5 , 0 2 7  
Mean v a l u e  ( 4 . 0 2 ) ( 1 . 6 3 )  ( 1 . 3 7 )  
T a b l e  1 .1 .1 -5  Top t w e n t y  p a s s e n g e r  cars i n  t h e  U . K .  ( 1 9 8 2 ) .  
(From r e f e r e n c e s  6 a n d  9 ) 
Type o f  P a s s e n g e r  C a r  
1 F o r d  E s c o r t  
-- - - - - - - - 
2  - F o r d  - - C o r t i n a  
- - 
3- - -Aus t in /MG Metro 
- - 4 _ J o r d  F i e s t a  
5 - V a u x h a l - 1  C a v a l i e r  
6 V a u x h a l l  A s t r a  
- - - - - - - . - 
7  Tr iumph A c c l a i m  
8 Volvo  300  S e r i e s  
9  N i s s a n  Sunny  
- 
1 0  F o r d  Granada  
11 N i s s a n  C h e r r y  
1 2  VW Gol f  
1 3  M i n i  
1 4  A u s t i n  Ambassador  
- 1 5  Rove r  
16-  V a u x h a l l  C h e v e t t e  
1 7  VW-polo 
1 8  Morris I t a l  
1 9  Vo lvo  200  S e r i e s  
20  Nissan S t a n z a  
N o .  
- - 
1 6 6 , 9 4 2  
1 3 5 , 7 4 5  
. - - 
- 114,_5_50- 
- 1 1 0 , 1 6 5  
1( r0 ,081  
46 ,412  
42 ,188  
3 0 , 4 1 2  
2 8 , 7 4 4  
2 8 , 5 9 0  
2 7 , 7 1 1  
2 6 , 3 1 1  
2 5 , 5 0 3  
2 4 , 6 7 8  
2 4 , 4 2 0  
2 3 , 8 4 2  
2 3 , 7 6 3  
23 ,228  
20 ,518  
2 0 , 0 3 0  
3 
1 0 . 7 4  




6 .44  
2 .98  
2 . 7 1  
1 . 9 6  
1 . 8 5  
1 . 8 4  
1 . 7 8  
1 . 6 9  
1 . 6 4  
1 . 5 9  
1 . 5 7  
1 . 5 3  
1 . 5 3  
1 . 4 9  
1 . 3 2  
1 . 2 9  
O v e r a l l  





3 .41  
3-66 
4 .37 
3 .99  
4.09 




3 .99  







3 .65  
Width  
(m) 
1 . 6 5  
1 . 7 0  
1 . 5 5  
1 . 5 8  
1 . 6 8  
1 . 6 3  
1 . 6 0  
1 . 6 6  
1 . 3 7  
1 . 7 3  
1 . 6 3  
1 . 6 7  
1 . 4 2  
1 . 7 3  
1 . 7 8  
1 . 5 8  
1 . 5 8  
1 . 6 4  
1 . 7 1  
1 . 6 6  
H e i g h t  
(m) 
1 . 3 7  
1 . 3 5  
- - 
1-.37 
1 . 3 2  
1 . 4 0  
1 . 3 7  
1 . 3 5  
1 . 3 9  
1 . 3 7  
1 . 4 5  
1 . 4 0  
1 . 4 2  
1 . 3 2  
1 . 4 5  
1 . 4 0  
1 . 3 2  
1 . 3 6  
1 . 3 9  
1 . 4 6  
1 . 4 1  
T o t a l  = 1 , 7 9 1 , 6 6 9  Mean v a l u e  ( 4 . 0 3 ) ( 1 . 6 4 )  ( 1 . 3 8 )  
Type o f  P a s s e n g e r  C a r  
1 F o r d  E s c o r t -  -- - 
- 2  F o r d  S i e r r a  - 
3  Austin/MG Metro 
--- -- 
4  - V a u x h a l l  C a v a - l i e r  -A- 
5  F o r d  F i e s t a  
-- - - - - . 
6  Austin/MG Maestro 
- - - - - -- - - -  . 
7  V a u x h a l l  . - A s t r a  
8  Tr iumph A c c l a i m  
- 9  Nissan Sunny  
1 0  Vo lvo  300  S e r i e s  
11 VW P o l o  
1 2  Nissan C h e r r y  
1 3  M i n i  
1 4  VW G o l f  
-15 V a u x h a l l  Nova 
1 6  F o r d  G r a n a d a  
1 7  F o r d  C a p r i  
- - - 
1 8  Rove r  
1 9  VoZvo . . 200  S e r i e s  
20  T a l b o t  Samba 
T a b l e  1 .1 .1-6 Top t w e n t y  p a s s e n g e r  cars i n  t h e  U.K .  ( 1 9 8 3 ) .  
(From r e f e r e n c e s  6  a n d  g ) 
N o .  
---174,190--. 
. L59J19- 
- 1 3 7 , 3 0 3  
12_7_,509 
1 1 9 , 6 0 2  
-- - .- 
65 ,328  
62 ,570  
3 8 , 4 0 6  
3 6 , 7 8 1  
3 6 , 7 5 3  
3 2 , 7 0 6  
29 ,229  
27 ,739  
25 ,764  
2 4 , 9 9 5  
24 ,076  
2 2 , 2 5 4  
21 ,587  
2 1 , 3 8 1  
2 0 , 1 0 5  
% 
9.72 
8 . -88-  
- 7 .66  
7 .12 
6 .68 
3 . 6 5  
3 .49  
2 .14 
2 .05  
2 .05  
1 . 8 3  
1 . 6 3  
1 . 5 5  
1 . 4 4  
1 . 4 0  
1 . 3 4  
1 .24  
1 . 2 0  
1 . 1 9  
1 . 1 2  
3 v e r a l l  
L e n g t h  
(m) 
3.96- 
4 . 5 2 -  
3 .41  . 
4.37 -- 








3 .05  
3 .99 
3 .96  
4.68 
4.37 
4 .75  
4 .79 
3 .51  
Width  
( m )  
.- 1 . 6 5  
1 . 7 3 -  
- -  1 . 5 5  
1 . 6 8  
1 . 5 8  
1 . 6 8  
1 . 6 3  
1 . 6 0  
1 . 3 7  
1 . 6 6  
1 . 5 8  
1 . 6 3  
1 .42  
1 . 6 7  
1 . 7 0  
1 . 8 0  
1 . 7 0  
1 . 7 8  
1 . 7 1  
1 . 5 3  
H e i g h t  
( m )  
1 . 3 7  
--1-.45 
1 . 3 7  
- -  1 . 4 0  . 
1 . 3 2  
1 . 4 2  
1 . 3 7  
1 . 3 5  
1 . 3 7  
1 . 3 9  
1 . 3 6  
1 . 4 0  
1 . 3 2  
1 . 4 2  
1 - 3 5  
1 . 4 2  
1 . 3 5  
1 . 4 0  
1 . 4 6  
1 . 3 7  
2 
Total = 1 , 7 4 9 , 6 5 0  
Mean v a l u e  ( 4 . 0 4 )  (1.65) (1.39) 
T a b l e  1 .1 .1 -7  Top t w e n t y  p a s s e n g e r  cars i n  t h e  U.K. ( 1 9 8 4 ) .  
(From r e f e r e n c e s  6  a n d  9 )  
. 
Type of P a s s e n g e r  C a r  
1 F-ord E s c o r t _ - -  - 
-2 - V a u x h a I l  C a v a l i e r  
3  F o r d  F i e s t a  
- - - 
4  Austin/MG Metro 
- - -  -- - 
5  F-ojd - S i e r r a  
6  AUS- t i n [~G-b l ae s t ro  
7  V a u x h a l l  A s t r a  
8  - y a u x h a l l  Nova 
-9 F o r d  . O r i o n  
1 0  .Volvo 300  S e r i e s  
11 Austin/MG Montego 
1 2  VW P o l o  
1 3  Nissan Sunny 
1 4  Nissan C h e r r y  
715 vw ~ o l f  
1 6  M i n i  
1 7  F o r d  G r a n a d a  
1 8  F i a t  Uno 
1 9  N i s s a n  Micra 
,20 R e n a u l t  11 
Widtl- 
(m) 
- 1 . 6 5  
1 . 6 8  
1 . 5 8  
- - -  
1 . 6 8  
- 1 . 7 3  
1 . 6 8  
1 . 6 3  
1 . 7 0  
1 . 7 0  
1 . 6 6  
1 . 6 8  
1 . 5 8  
1 . 3 7  
1 . 6 3  
1 . 6 7  
-1 .42  
1 . 8 0  
1 . 5 5  
1 . 5 6  
1.66 
H e i g h t  
( m )  
1 . 3 7  
- -  1 . 4 0  
1 . 3 2  
- _ 1 . 4 2  
1 . 4 5  
1 . 4 2  
1 . 3 7  
1 . 3 5  
1 . 3 7  
1 . 3 9  
1 . 4 2  
1 . 3 6  
1 . 3 7  
1 . 4 0  
1 . 4 2  
1 . 3 2  
1 . 4 2  
1 . 4 2  
1 . 4 0  
1 - 4 1  
Over- 
- a l l  
L e n g t h  
( r n l  
- 3  9 - 6  - 
4-37.- 












3 .96  
3 .99 
3 .05  
4.78 
3 .66 
3 .65  
3 . 9 8  
N o .  
- -  - 153_3_4Q-. 
-132,149 
1 2 5 , 8 5 1  
- 1 1 7 , 4 4 2  
.- 1 1 3 , 0 7 1  
8 3 , 0 7 2  
5 6 , 5 1 1  
5 5 , 4 4 2  
5 1 , 0 2 6  
3 5 , 0 3 4  
3 4 , 7 2 8  
3 1 , 3 4 5  
31 ,112  
2 7 , 4 6 6  
2 4 , 2 5 0  
23 ,329  
2 3 , 2 1 5  
20 ,915  
20 ,789  
20.394 
% 
8 - 99 
- 3 . 3 5 .  
7.19 
- 
6 . 7 1  
6 . 4 6  
-4.75 
3 .23  
3 .17 
2 .92  
2 .00  
1 . 9 8  
1 . 7 9  
1 . 7 8  
1 . 5 7  
1 . 3 9  
1 . 3 3  
1 . 3 3  
1 . 2 0  
1 . 1 9  
1 . 1 7  
Years Model 
Figure 1.1.1-1 Average o v e r a l l  l eng th  of top  twenty passenger 
cars in the  U.K. 
1982 1893 
Years Model 




F igure  1.1.1-3 Average h e i g h t  of t o p  twenty passenger  cars 
i n  t h e  U.K .  
1.1-2 - Weight 
The weight  of a v e h i c l e  is  u s u a l l y  expressed  
i n  terms of i t s  a x l e  load  which i s  t h e  t o t a l  l oad  t r a n s -  
m i t t e d  t o  t h e  road.  Axle l o a d i n g  i s  a n  impor t an t  con- 
s i d e r a t i o n  i n  t h e  d e s i g n  of roads ;  t h e  s t a n d a r d  a x l e  
load  i s  a u s e f u l  t o o l  i n  t h e  s t r u c t u r a l  d e s i g n  of pave- 
ments. 
I n  t h e  e a r l y  n i n e t e e n - f i f t i e s ,  t h e  f i r s t  
measurements of wheel l oad  ( i . e .  t h e  l oad  on one end of  
a n  a x l e )  i n  Great B r i t a i n  w e r e  made by t h e  Road Research 
Laboratory ( 4 )  i n  two f u l l - s c a l e  road exper iments ,  on A 1  
n o r t h  of  Boroughbridge i n  Yorkshire  and on A38 a t  
Cambridge i n  G l o u c e s t e r s h i r e .  A sample of  t h e  commer- 
c i a l  t r a f f i c  w a s  s topped and weighed us ing  s imple  manu- 
a l l y  ope ra t ed  weighing p l a t fo rms .  A t  a la ter  d a t e ,  
a t t e n t i o n  w a s  focused on t h e  need t o  deve lop  a n  au toma t i c  
method of weighing commercial t r a f f i c  i n  motion,  u s ing  
weighbridges  b u i l t  i n t o  t h e  road s t r u c t u r e .  
A t  t h e  Alconbury H i l l  exper iment  on Trunk Road 
A l ,  t h e  f i r s t  au toma t i c  u n i t  was i n s t a l l e d  by t h e  
Laboratory i n  1958. The equipment has  been f u r t h e r  
developed s i n c e  t h a t  t i m e ,  bo th  i n  t h e  modules of t h e  
weighing p l a t fo rm and i n  t h e  r e c o r d i n g  and a n a l y s i s  of 
t h e  wheel load  d a t a  ( 4 ) .  The system i s  t o  be improved 
f u r t h e r  t o  widen t h e  scope of t h e  d a t a  o b t a i n e d  t o  in-  
c lude  in fo rma t ion  on a x l e  spac ing  t h a t  w i l l  e n a b l e  
a r t i c u l a t e d  and r i g i d  v e h i c l e s  t o  be d i s t i n g u i s h e d .  
I n  1964 a number of weighbridges  w e r e  i n -  
s t a l l e d  a t  Alconbury By-Pass ( A l ) ,  Wheatley By-Pass 
(A40) ,  Nate ly  Scures  (A30) ,  W h i t f i e l d  (A381 and 
Tamworth (A4091) by t h e  Labora tory  and i n  1969 system- 
a t i c  measurements were p o s s i b l e  a t  t h e s e  sites. I n  
a d d i t i o n  t o  t h i s ,  t h e  i n s t a l l a t i o n  of some weigh- 
b r i d g e s  w a s  c a r r i e d  o u t  on M 1 ,  M6 and M4,and i n  1976 
two weighbridges  w e r e  i n s t a l l e d  t o  measure t h e  commer- 
c i a l  t r a f f i c  p a s s i n g  ove r  a f u l l - s c a l e  road exper iment  
on t h e  a c c e s s  road t o  t h e  Grangemouth r e f i n e r y  and docks 
( 4 ) .  
The weight  of commercial v e h i c l e s  i n  B r i t a i n  
i s  governed by t h e  Motor Vehic le  (Cons t ruc t ion  and U s e )  
Regula t ions .  These r e g u l a t i o n s  pe rmi t  v e h i c l e s  
conforming t o  them t o  move f r e e l y  ove r  t h e  road  system 
a p a r t  from some s p e c i a l  r e s t r i c t i o n s  app ly ing  g e n e r a l l y  
t o  b r idges .  The maximum a x l e  l oad ing  of s p e c i a l l y  
a u t h o r i s e d  v e h i c l e s  of g r e a t e r  dimensions i s  22  t o n s .  
R e s u l t s  of observed overweight  v e h i c l e s  by t h e  T ranspor t  
and Road Research Labora tory  ( 5 )  showed t h a t  t h e  
g r e a t e s t  number of overweight  a x l e s  were on 2-axle 
v e h i c l e s .  
I t  w a s  suggested t h a t  t h i s  would be expec ted  because of  
t h e  normally h igh  percen tage  of such commercial v e h i c l e s .  
Table  (1.1.2-1) w a s  i n t roduced  by t h e  T ranspor t  and Road 
Research Laboratory ( 1 0 )  where t h e  p r o p o r t i o n s  of s i x  
t y p e s  of commercial v e h i c l e s  w e r e  known f o r  a  p a r t i c u l a r  
road and it provides  a method of c a l c u l a t i n g  t h e  average  
number of s t a n d a r d  a x l e s  p e r  commercial v e h i c l e .  
Bennet t  1976 ( 3 )  i n v e s t i g a t e d  t h e  f requency  
d i s t r i b u t i o n  of motor v e h i c l e s ' w e i g h t  which inc luded  t h e  
d i s t r i b u t i o n  of maximum-rated weights  f o r  a l l  v e h i c l e s  
( i n c l u d i n g  a r t i c u l a t e d  v e h i c l e s  and buses )  r a t e d  ove r  
3.5 t o n s  g ros s .  The r e s u l t s  are shown i n  F igu re  
( 1 . 1 . 2 - 1 )  which shows t h a t  98 p e r  c e n t  have 3 . 6  t o n s  
weight f u l l  and 2 p e r  c e n t  have 30.5 t o n s  w i t h  a mean 
va lue  of 13.9 t o n s .  
The Transpor t  and Road Research Laboratory 
1981 (5) suggested t h a t  t h e  number of  commercial 
v e h i c l e s  h a s  a l t e r e d  l i t t l e  s i n c e  t h e  e a r l y  s i x t i e s  b u t  
t h e r e  has  been a  c o n s i d e r a b l e  i n c r e a s e  i n  a l l owab le  
g r o s s  weights  and a d rama t i c  i n c r e a s e  i n  t h e  use  of t h e  
h e a v i e s t  4 and 5  a x l e  a r t i c u l a t e d  v e h i c l e s .  A compari- 
son between t h e  s i t u a t i o n  i n  1962 and 1978 i s  shown i n  
Table  (1 .1 .2-2) .  
T a b l e  1 .1 .2-1 Number o f  s t a n d a r d  axles f o r  e a c h  axle ( m u l t i p l y  
p e r  c e n t  p r e s e n t  b y  number o f  s t a n d a r d  a x l e s / 1 0 0 . )  
( R e p r o d u c e d  Erom r e f e r e n c e  No.10)  
A 
T o t a l  
30 .65  
1 8 . 1 4  
1 4 . 0 2  
57.96 
1 2 . 0 8  
6 .43 
1 3 9 . 2 8  
139 .28 /100  e q u a l s  1 . 3 9  s t a n d a r d  axles p e r  c o m m e r c i a l  v e h i c l e  
V e h i c l e  Type 
2  ax le  r i g i d  
3  ax le  a r t i c u -  
l a t e d  
3  axle r i g i d  
4  a x l e  a r t i c u -  
la ted 
4  axle r i g i d  
5 a x l e  a r t i c u -  
la ted 
T o t a l  
4 t h  
ax le  
1 3 . 5 6  
4.99 
1 . 1 4  
5 t h  
ax l e  
1 . 0 8  
% 
















ax l e  
27.02 
8 .47  
7 .27 
30 .10  
0 .31  
2 .77  
3 r d  
a x l e  
9 .09  
5 .07  
1 2 . 2 3  
6 .36  
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F i g u r e  1.1.2-1 D i s t r i b u t i o n  of r a t e d  gross  weights 
f o r  a l l  veh ic les  r a t ed  a t  over 3.5 
tons r e g i s t e r e d  i n  Great  B r i t a i n  
between 1961 and 1 9 7 4 .  (Reproduced from re fe rence  No.3) 
Table  1.1.2-2 A comparison of commercial v e h i c l e s  between 
1962 - 1978 i n  t h e  U.K.  
(Reproduced from r e f e r e n c e  No.4) 
Road System Length 
( thousand km) 
T o t a l  
Motorway 
Max. g r o s s  w t .  ( t o n )  
Max. l e n g t h  ( m )  





Rig id  







A r t i c .  
24 
11 
5 5  
Rigid  
1 6  
11 
332 
A r t i c .  
32 
1 5  
104 
The 25  tonnes  g r o s s  weight  v e h i c l e s  a r e  pre- 
d i c t e d  t o  grow a t  a f a s t e r  r a t e  t h a n  commercial v e h i c l e s  
of lower weight .  
With r e g a r d  t o  t h e  economy a s p e c t ,  t h e r e  should 
be some ba lance  i n  t h e  r e s t r i c t i o n s  imposed bo th  on 
t r u c k s  and on roads ,  s o  t h a t  t h e  n e t  of compensation 
f o r  t h e  wear on t h e  road and t h e  c o s t  of t r u c k  tonnage 
t r a n s p o r t a t i o n  i s  reduced t o  i t s  minimum. Th i s  could  
be a c h i e v e d . b y  adop t ing  more r e a l i s t i c  and more modern 
s t a n d a r d s .  
I n  a r e p o r t  by t h e  T ranspor t  and Road Research 
Labora tory ,  1980 ( 2 )  o p e r a t i n g  c o s t s  and road damage 
f a c t o r s  were i n v e s t i g a t e d  by u s i n g  a range  of n i n e  t y p e s  
of heavy goods v e h i c l e s .  The maximum a x l e  weight  was 
r e s t r i c t e d  f o r  s i x  of t h e  d e s i g n s  t o  1 0  tonnes  and i n  2 
of t h e  des igns  t o  11 tonnes  d r i v e  a x l e s .  
I n  t h i s  r e p o r t  t h e  d e s i g n  parameters  f o r  a  
complete assessment  of t h e  r e s u l t s  were:- 
i )  Number of a x l e s ;  
ii) Maximum g r o s s  v e h i c l e  weight ;  
iii) Unladen weight ;  
i v )  Payload weight c a p a c i t y ;  
V )  Ava i l ab l e  l e n g t h  and volume f o r  payload;  
v i )  Axle weight d i s t r i b u t i o n ;  
v i i )  King-pin l oad ;  
v i i i )  T r a c t i o n  r a t i o ;  
i x )  Allowable l o n g i t u d i n a l  movement i n  t h e  c e n t r e  of  
g r a v i t y  of t h e  payload wi thou t  v i o l a t i n g  a x l e  
weight o r  t r a c t i o n  r a t i o  l i m i t s ;  
X )  Turning circle r a d i i ;  
x i  1 Rear overhang; 
x i i )  .Power o u t p u t  of eng ine  and f u e l  consumption. 
The conc lus ions  of t h e  r e p o r t  s t a t e d  t h a t  t h e  
t o t a l  number of v e h i c l e s  of 32 .5  tonnes  g r o s s  v e h i c l e  
weight o r  more w i l l  be reduced by about  8% w i t h i n  a  few 
y e a r s  of  t h e  change i n  pe rmi t t ed  w e i g h t t o  3 4  t onnes ,  and 
by a  f u r t h e r  5% a f t e r  5 t o  10  yea r s .  
I n  comparison w i t h  1977 l e v e l s ,  t h e  road 
damage due t o  v e h i c l e s  of 32 .5  t onnes  g r o s s  v e h i c l e  
weight o r  more w a s  expec ted  t o  be reduced i f  a x l e  weights  
w e r e  l i m i t e d  t o  10  tonnes  o v e r a l l .  The r e d u c t i o n  was 
s t a t e d  t o  be between 7% and 18% depending on t h e  t ype  of  
v e h i c l e  pe rmi t t ed .  I f  t h e  v e h i c l e s  w i t h  11 tonne  d r i v e  
a x l e s  proposed i n  t h e  EEC D r a f t  D i r e c t i v e  are pe rmi t t ed  
t h e n  o v e r a l l  road damage is  expec ted  t o  be reduced com- 
pared t o  1977 l e v e l s .  
1.1.3 - Types ( ~ l a s s i f i c a t i o n )  
Vehic l e s  are c l a s s i f i e d  acco rd ing  t o  t h e i r  
p h y s i c a l  f e a t u r e s  and t h e i r  o p e r a t i n g  c h a r a c t e r i s t i c s .  
This  c l a s s i f i c a t i o n  i s  neces sa ry  f o r  highway d e s i g n  
because of t h e  r e l e v a n t  i n fo rma t ion  t h a t  i s  u s e f u l  
bo th  i n  geomet r ic  l a y o u t  and t r a f f i c  c o n t r o l .  I n  t h e  
i n n e r  c i t ies  t h e  passenger  car, because of i t s  h i g h e r  
pe rcen tages  p r e s e n t  i n  t h e  t r a f f i c  system, and t h e  pro- 
v i s i o n  of park ing ,  r e p r e s e n t s .  t h e  most impor tan t  f a c t o r  
which d e s i g n e r s  need. The a r t i c u l a t e d  goods v e h i c l e  i s  
a n  e s s e n t i a l  f a c t o r  i n  de t e rmin ing  t h e  queue l e n g t h  a t  
t r a f f i c  c o n t r o l  p o i n t s ,  t h e  s t o r a g e  l e n g t h  of  l a n e ,  
t u r n i n g  r a d i u s  and c o r n e r  r a d i i  a t  i n t e r s e c t i o n s .  
On t h e  o t h e r  hand t h e  pe rcen tages  of  t h e  v a r i o u s  
v e h i c l e  t y p e s  p r e s e n t  i n  t h e  t r a f f i c  s t r eam d i c t a t e  t h e  
adop t ion  of a s u i t a b l e  d e s i g n  f o r  t h e  pavement t h i c k n e s s ,  
l a n e  width ,  t e r m i n a l  l a y o u t ,  s i g h t  d i s t a n c e  and v e r t i c a l  
c l e a r a n c e .  
A l i m i t e d  c l a s s i f i c a t i o n ,  which has  been of g r e a t  
use  on a wide v a r i e t y  of roads  i n  t h e  United Kingdom (11) 
i s  as  fol lows:-  
C l a s s i f i c a t i o n  
Passenger  car 
I n c l u d e s  
Motor c y c l e  combina- 
t i o n ;  motor cars; 
l i g h t  goods v e h i c l e s  
(<1500 Kg u n l a d e n )  
Commercial v e h i c l e s  Goods v e h i c l e s  ( > I 5 0 0  
Kg un l aden )  
Buses A l l  p a s senge r  s e r v i c e  
v e h i c l e s .  
F i g u r e  (1.1.3-1)  shows t h e  wide r ange  o f  t y p e s  
o f  v e h i c l e s  found i n  t h e  he t e rogeneous  t r a f f i c  s t r e a m  t o -  
day.  The v e h i c l e  class l i s t i n g  w a s  i n t r o d u c e d  by t h e  
T r a n s p o r t  and Road Research  Labo ra to ry  ( 2  ) which is  com- 
p a t i b l e  w i t h  EEC r e g u l a t i o n  R1108/70. 
The 1 9 3 5  t o  1 9 8 4  f i g u r e s  f o r  v e h i c l e s  i n  u se  
i n  t h e  Uni ted  Kingdom ( 6) a r e  shown i n  Tab le  (1.1.3-1 1, 
and t h e  1 9 8 4  v e h i c l e s  i n  u s e  are c l a s s i f i e d  i n t o  percen-  
t a g e s  i n  F i g u r e  (1 .1 .3 -2) .  The f i g u r e  shows t h a t  c a r s  
are more numerous t h a n  a l l  o t h e r  c l a s s e s  o f  v e h i c l e  t o -  
g e t h e r ,  and t h i s  i s  expec t ed  t o  be even more s o  i n  t h e  
f u t u r e .  T h i s  i s  shown i n  Tab l e  (1.1.3-2)  where t h e  
f o r e c a s t s  o f  v e h i c l e s  i n  u s e  w e r e  t a k e n  from B a s i c  Road 
S t a t i s t i c s  f o r  1983 f o r  t h e  p e r i o d  from 1980 t o  2010 ( 7 ) .  
Class Vehicle Class Vehicle 
No description No description 
0 Moped, scooter & 
motorcycle 
45 Rigid 2 axle HGV 
+ 1 axle caravan 
or  trailer 
1 Car, light van, taxi 
.L 
46.Rigid 2 axle HGV 
+ 2 axle 
(close coupled) trailer 
2 t i gh t  goods 
vehicle m 51 Artic, 2 axle tractor + 1 axle semi-trailer 
21 Car or light goods 
vehicle + 1 axle 
52 Artic, 2 axle tractor 
+ 2 axle semi-trailer 
caravan o r  trailer -
22 Car or light goods 
vehicle + 2 axle 53 Artic, 3 axle tractor 
caravan or  trailer + 1 axle semi-trailer 
31 Rigid 2 axle heavy 
goods vehicle 
54 Artic. 3 axle. tractor 
+ 2 axle semi-trailer 
32 Rigid 3 a x l r  heavy 
goods vehicle 
55 Artic. 2 axle tractor 
+ 3 axle semi-trailer 
33 Rigid 4 axle heavy 56 Artic, 3 axle tractor 
goods vehicle + 3 axle semi-trailer 
61 Bus or coach, 2 axle - 
35 Rigid 4 axle heavy 62 Bus or  coa*, 3 axle 
goods vehicle 
41 Rigid 2 axle HGV 
+ 2 axle drawbar 1 7 Vehicle wi th 7 o r  more axles 
42 Rigid 2 axle HGV 
+ 7 axle drawbar 
2N 2 axle vehicle not  otherwise classified 
trailer 3 N  3 axle vehicle not  otherwise classified 
43 Rigid 3 axle HGV 
+ 2 axle drawbar 4 N  4 axle vehicle not otherwise classified 
milrr 
5N 5 axle vehicle not  otherwise classified 
44 Rigid 3 axle HGV 
+ "Ie drawbar 16BN 6 axle vzhicle nor otherwise classified 
trailer 
Figure 1 . 1 . 3 - 1  TRRL VEHICLE CLASS LISTING COMPATIBLE WITH EEC 
REGULATION Rl108/70 
(Reproduced from re fe rence  No.2) 
SUMMARY O F  MOTOR VEHICLES IN USE 


















































































































































































Excludes Channel Islands and Isle of Man. 
1 E.cludes tramcan. 
: 1935 to 1937 tqures contatn class cf tractor now uoctuaea wlrn Agnc. Trn:ta:s for L 15.06 class. 
Q lwa  0 t h  irensed vehudar. 
. - 
tstmated for Great Rr~tam. 
a For Great Br~taun-sarnDk C m s ~  !!gures oniy. 
*NO census war taken m 1977. 
f 1978 cmsur for Great Lltaln was taken on the 31st Dncemhr wnrrr i ls the Northern orr~anrl census was at the 30th Sect. also from 1978 th r  rrn*us 
for Great L~ taur  war e full c m w b  at,d itle I , rs~ token from ;he cr)n,puter fllo i t  IIW D.V.L.C. c.ur*~equsr~ii~ the ;ogurcl wela c u l n o ~ ~ r d  by a new m r l ~ l o o  dttu 
tks fore  do M t  strmty relate to prevtous years. 
L From Octoba 1981 all general goods vthucler k s s  than 1525 kgs unladen weught are assessed for vehucle excuse duty at the same rate as Druvate veh~cles. 
The above table relates to vehlcles currently ltrenced by taxat~on clsss 
T a b l e  1.1.3.1 
E x t r a c t e d  from ( M o t o r  I n d u s t r y  of Great Britain 1 9 8 5 )  
The S t a t i s t i c a l  D e p a r t m e n t  
6 . 6 9 %  Motor 
C y c l e s  
1 . 8 7 %  A g r i c .  
T r a c t o r s  
2 . 9 9 %  Exempt 
V e h i c l e  
7 . 6 1 %  Goods 
0 . 5 6 %  T a x i s ,  
Buses  & 
Coaches 
8 0 . 2 8 %  Cars 
Figure 1.1.3-3 
Summary o f  motor vehicles i n  u s e  i n  
the United Kingdom (1984). 
From t h e  Motor Industry  of Great B r i t a i n .  
Taxis. busts Liyht Other eoods Totsl 












H i a h  
Low 
Hiqh 
'Excluding acricultural tractors. tnqcles. pedestnan controlled vehicles. showmen's haulage. crown and exempt vehicles 
and motorcycla (about 2.25 rn~llion vehicles). 
Table  1.1.3-2 F o r e c a s t s  of  v e h i c l e s  i n  u se  from B a s i c  Road 
S t a t i s t i c s  up t o  Year 2010  i n  G r e a t  B r i t a i n  
( 1 9 8 3 ) .  
( 'Reproduced from r e f e r e n c e  No.7) 
Car t r a f f i c  growth i s  mainly  a r e s u l t  of c a r  
ownership growth, as  sugges ted  by t h e  T ranspor t  and 
Road Research Laboratory ( 8) and ownership f o r e c a s t s  
are t h e r e f o r e  a c r u c i a l  e lement  i n  long-term t r a n s p o r t  
p lanning .  
F igu res  from Table  (1.1.3-1) are p l o t t e d  i n  
F igu re  (1.1.3-4) which p rov ides  t h e  p a t t e r n  of growth 
of v e h i c l e s  i n  t h e  U.K.  I t  shows t h e  r a t e  of i n c r e a s e  
i n  t h e  number of passenger  cars f o r  t h e  l a s t  f i f t e e n  
y e a r s  o r  so .  Th i s  r a t e  of i n c r e a s e  i s  a l s o  compared 
w i t h  t h e  r a t e  of i n c r e a s e  of goods v e h i c l e s  and t h e  t o t a l  
number of v e h i c l e s  i n  use .  The r e s u l t s  show t h a t  
passenger  cars fo l low t h e  same p a t t e r n  as  t h e  t o t a l  
number of v e h i c l e s  i n  u se  i n  t h e i r  r a t e  of i n c r e a s e ,  
wh i l e  t h e  goods v e h i c l e s 1  r a t e  of i n c r e a s e  i s  ve ry  
minute.  I n  g e n e r a l  t h e  r a t e  of growth is  connected 
w i t h  t h e  c o u n t r y ' s  economy which r e f l e c t s  t h e  need f o r  
roads .  I n  1982 t h e  B r i t i s h  economy began t o  grow 
a g a i n  and f o r  t h a t  yea r  t h e r e  w a s  a s u r p r i s i n g l y  l a r g e  
growth i n  motor t r a f f i c  of  7.3% which cont inued  i n t o  
1983 wi th  a n  8.3% growth i n  t r a f f i c  du r ing  the f i r s t  
h a l f  of t h e  yea r  compared wi th  t h e  f i r s t  h a l f  of 1 9 8 2 .  
The Organ i sa t ion  f o r  Economic Co-operation 
and Development (1983)  ( 1 2 )  sugges ted  t h a t  d u r i n g  
Year of s t u d y  
Figure 1.1.3-4 P a t t e r n  of growth of v e h i c l e s  i n  the U . K .  
t h e  pe r iod  1985-2000, sales volume i s  expec ted  t o  b u i l d  
up t o  1 .83 m i l l i o n  u n i t s ,  i n d i c a t i n g  a market  growth of 
0.7 p e r  c e n t  p e r  yea r .  T h i s  compares w i t h  a n  annua l  
growth rate of 3.9 p e r  c e n t  i n  t h e  1970 ' s .  The main 
f a c t o r s  under ly ing  t h i s  marked slow-down w i l l  be t h e  
s u c c e s s i v e l y  smaller a d d i t i o n s  t o  t h e  v e h i c l e  s t o c k  a s  
s a t u r a t i o n  is approached,  minimal popu la t ion  growth and 
a l e v e l l i n g  of earlier rises i n  s c rapp ing  rates. 
By t h e  yea r  2000, t h e  t o t a l  v e h i c l e  s t o c k  w i l l  
p robably  have r i s e n  t o  around 20.7 m i l l i o n  u n i t s  g i v i n g  
a v e h i c l e  d e n s i t y  of  365/Km. 
1.2 - E f f e c t  of vehicle type on highway design 
1.2.1 - Lane width 
The s e l e c t e d  des ign  s tandards  f o r  t r a f f i c  l a n e s  
a r e  inf luenced by t h e  dimensions of motor veh ic les .  A 
l ane  width of 3.65m i s  considered i d e a l  f o r  heavy volumes 
of mixed t r a f f i c  and a  narrower l ane  width w i l l  r e s t r i c t  
capaci ty .  The des ign  requirement f o r  l ane  width i s  
n a t u r a l l y  governed by t h e  width of t h e  veh ic le  us ing  it 
and hence on t r a f f i c  composition. 
Vehicle manoeuvres a t  i n t e r s e c t i o n s  a r e  an i m -  
p o r t a n t  cons ide ra t ion ,  they  a r e  d iv ided  i n t o  t h e  fo l lowing 
b a s i c  ca tegor ies :  
a )  Diverging, b )  Merging, c )  Weaving, d )  Crossing, 
and t h e  width of t h e  l ane  which should be provided f o r  
v e h i c l e s  t o  c a r r y  o u t  t h e s e  manoeuvres a r e  r e l a t e d  t o  
veh ic le  s i z e .  The p rov i s ion  of a  s to rage  l ane  f o r  t u r n i n g  
veh ic les  should be of a  s p e c i f i e d  width t o  coinc ide  with 
t h e  veh ic le  type using it i n  s i g n i f i c a n t  numbers s o  a s  no t  
t o  i n t e r f e r e  with o t h e r  veh ic le  movements using t h e  i n t e r -  
s e c t i o n .  
Control led experiments c a r r i e d  o u t  by t h e  
Transport  and Road Research Laboratory (13) showed a  
r e l a t i o n s h i p  between t h e  approach width  and t h e  v a l u e  of 
t h e  number of passenger  c a r s  e q u i v a l e n t  t o  goods v e h i c l e s .  
This  va lue  w a s  1.47 f o r  a n  approach wid th  of 3.65m. 
I n  a  r e p o r t  by t h e  T ranspor t  and Road Research 
Laboratory ( 1 4 ) , t h e  f a c t o r s  involved  i n  de t e rmin ing  t h e  road 
width  r e q u i r e d  by a v e h i c l e  t o  n e g o t i a t e  h o r i z o n t a l  curva- 
t u r e  were d i scussed .  The measurements ob ta ined  w i t h  a 
sample of commercial v e h i c l e s  were compared w i t h  o t h e r s  
ob ta ined  us ing  models and by c a l c u l a t i o n .  A sample of  
1 3  v e h i c l e s  ( 5  r i g i d ,  7  a r t i c u l a t e d  and one r i g i d  v e h i c l e  
w i t h  draw-bar t r a i l e r )  w e r e  used and t h e  r e s u l t s  were:- 
a )  A r t i c u l a t e d  v e h i c l e s  of 15m l e n g t h  and 12m wheel 
base  r e q u i r e d  a wid th  of 6.5m f o r  a 90"  t u r n , a n d  a l m  i n -  
crease i n  wheel base  could  i n c r e a s e  t h e  r e q u i r e d  road 
wid th  t o  over  7m. 
b )  The r i g i d  v e h i c l e  t r a i l e r  a l t hough  having com- 
bined wheel base  and o v e r a l l  l e n g t h  g r e a t e r  t h a n  any of  
t h e  r i g i d  o r  a r t i c u l a t e d  v e h i c l e s ,  r e q u i r e d  less road 
width  f o r  a g iven  t u r n  t h a n  a l l  b u t  t h e  s h o r t e s t  a r t i c u -  
l a t e d  v e h i c l e  and less t h a n  t h e  s i n g l e  deck p u b l i c  s e r v i c e  
v e h i c l e .  
C )  ~ax imum s i z e  a r t i c u l a t e d  v e h i c l e s  would f i n d  
d i f f i c u l t y  i n  n e g o t i a t i n g  t u r n s  of  90' and ove r  i n  t h e  
s i n g l e  l a n e  wid ths  a t  p r e s e n t  recommended f o r  use  i n  t h e  
United Kingdom f o r  r a d i i  of under 15m. 
d )  Cut-out appeared t o  be s i g n i f i c a n t  o n l y  when 
t h e  l oad  extended w e l l  forward of t h e  f r o n t  a x l e  o r  when 
t h e  semi-trailer on a n  a r t i c u l a t e d  combination extended 
w e l l  forward of t h e  k ing  p i n .  
e )  R e l a t i v e l y  s imple  c a l c u l a t i o n  of c u t - i n  and 
cu t -ou t  ( n e c e s s a r y  t o  de te rmine  t h e  r e q u i r e d  road wid th  
f o r  a g iven  t u r n )  u s ing  g e n e r a l l y  a v a i l a b l e  v e h i c l e  
dimensions gave a c c e p t a b l e  agreement w i t h  measured re- 
s u l t s .  
I n  a r e p o r t  by C h r i s t i e  ( 1 5 ) , t h e  e f f e c t  of 
v e h i c l e  s i z e  on l a n e  wid th  a t  a  curve w a s  r e p o r t e d .  
It showed a comparison between a s h o r t  r i g i d  v e h i c l e  and 
a long a r t i c u l a t e d  v e h i c l e  wh i l e  n e g o t i a t i n g  a curve.  
It w a s  found t h a t  f o r  t h e  former  i t s  swept pa th  i s  l i t t l e  
wider  t h a n  t h e  v e h i c l e , w h i l e  f o r  t h e  la t te r  i t s  swept 
pa th  g e t s  wider  a s  t h e  v e h i c l e  p rog res se s  round t h e  curve 
and t h e  e x t e n t  of t h e  widening depends on t h e  r a d i u s  of 
t h e  curve and i t s  t o t a l  a n g l e .  
F igu re  ( 1 . 2 . 1 - 1 )  compares t h e  swept p a t h s  of a 
long a r t i c u l a t e d  v e h i c l e  and a medium-sized f ami ly  
sa loon  c a r  (4.2m long and 1.7m wide) when rounding two 
\ 
F i g .  1.2.1-1 Swept p a t h s  
o f  l o n g  and  s h o r t  v e h i c l e s  / 
on cu rves .  I /. 
( A l l  3 f i g u r e s  reproduced  
from r e f e r e n c e  N o .  15) 
Fig. 1.2.1-2 Acute t u r n s  t h rough  roundabouts  made by 
D T ~  a r t i c u l a t e d  v e h i c l e .  
.-..-.. Pro-bl* 11311 a t  driv*?'. 11.13 of ,i*. ,a .rrr,r 
- - b n *  :&a. 
- - - K*t* of p.th of ar t i cu la t*a  ~ . b i ~ l .  
roundabout .  
curves  w i t h  an  o u t s i d e  r a d i u s  of 20m. The a n g l e s  of t h e  
curves  a r e  45' and 90". The i n c r e a s e  i n  t h e  p a t h  width  
t o  1.9m i .e .  0.2m w i d e r  t h a n  t h e  s a loon  car, wh i l e  t h e  
width  of t h e  p a t h  of t h e  2.5m wide a r t i c u l a t e d  v e h i c l e  
r i s e s  t o  4 .9m on t h e  s h o r t e r  curve  and 5.8m on t h e  l o n g e r  
curve.  I t  i s  a l s o  sugges ted  t h a t  on two-way c a r r i a g e -  
ways t h e  d i v i d i n g  l i n e  between t r a f f i c  s t reams  should 
n o t  be i n  t h e  c e n t r e  of t h e  carr iageway ( e x c e p t  a t  one 
p o i n t )  . 
A t  roundabouts t h e  problem of a c u t e  t u r n s  i s  
i l l u s t r a t e d  by t h e  r e p o r t .  Vehic le  p a t h s  are shown a t  
a p a r t i c u l a r  roundabout ( F i g u r e  1.2.1-2) which i s  f a i r l y  
l a r g e  and has  a c e n t r a l  i s l a n d  d i ame te r  of  28m and a n  
i n s c r i b e d  circle d i ame te r  of 50m. I t  w a s  shown t h a t  t h e  
v e h i c l e  w i l l  r e q u i r e  more width  t h a n  t h e  marked l a n e  wid th  
and may o n l y  l eave  j u s t  enough space  f o r  a c a r  t o  squeeze 
through.  The r e p o r t  a l s o  shows t h a t  i n  o r d e r  t o  avoid  a 
c o l l i s i o n  when a long v e h i c l e  t u r n s  it i s  neces sa ry  t o  
i n c r e a s e  t h e  e n t r y  width  by p rov id ing  a seg rega t ed  l a n e  
as i n d i c a t e d  i n  F igure  (1 .2 .1-3) .  
1.2.2 - Turninq circles a t  junctions 
The fundamental  requi rement  of t h e  geomet r ic  
d e s i g n  of j unc t ions  i s  t o  accommodate v e h i c l e  movements, 
a requirement  which i s  i n f l u e n c e d  by v e h i c l e  dimensions.  
However, t h e  composi t ion of  t h e  t r a f f i c  v a r i e s  cons ide r -  
a b l y ,  s o  it i s  d i f f i c u l t  f o r  a d e s i g n e r  t o  de te rmine  
s u i t a b l e  p a t h s  f o r  v e h i c l e  manoeuvres,but  when des ign ing  
f o r  v e h i c l e  c i r c u l a t i o n  it i s  e s s e n t i a l  t o  a l l o w  f o r  t h e  
most e f f i c i e n t  movement of  v e h i c l e s  which pe rmi t s  t h e  
b e s t  use  t o  be made of c a p i t a l  inves tment .  
Design v e h i c l e  cr i ter ia  can be used t o  s o l v e  
t h i s  problem, where t h e  d e s i g n  e n g i n e e r  w i l l  s e l e c t  f o r  
d e s i g n  t h e  l a r g e s t  v e h i c l e  t h a t  i s  expec ted  i n  s i g n i f i -  
c a n t  numbers i n  t h e  d e s i g n  yea r .  This  w i l l  r e q u i r e  ce r -  
t a i n  v e h i c l e  dimensions and o p e r a t i n g  c h a r a c t e r i s t i c s  
which w i l l  de te rmine  t h e  e lements  of  geomet r ic  des ign .  
The low-speed t u r n  a t  i n t e r s e c t i o n s  i s  cons idered  t o  
de te rmine  t h e  t u r n i n g  r a d i i  which a r e  i n f l u e n c e d  by 
v e h i c l e  s i z e ,  where t h e  r a d i u s  i s  c o n t r o l l e d  by t h e  
minimum t u r n i n g  p a t h s  of  , t h e  v e h i c l e s .  The minimum 
t u r n i n g  r a d i u s  depends on t h e  d e s i g n  v e h i c l e  which has  
a range between 2 4 f t  (7.32m) f o r  passenger  v e h i c l e  t o  
5 5 f t  (16.76m) f o r  a  semi-trailer combination of  5 0 f t  
(15.24m) wheel base .  When a v e h i c l e  t u r n s  a t  low s p e e d s ,  
t h e  rear wheels t r a c k  t h e  f r o n t  wheels on a s h o r t e r  
r a d i u s  and t h e  d i f f e r e n c e  between t h e  r a d i i  of t h e  r e a r  
and f r o n t  wheels i s  known as o f f - t r a c k i n g .  Off- 
t r a c k i n g  i s  dependent on t h e  t u r n i n g  r a d i u s  and t h e  
t u r n i n g  r a d i u s  and t h e  v e h i c l e  wheelbase. Combination 
v e h i c l e s  i nvo lve  two o r  more wheelbase l e n g t h s  and o f f -  
t r a c k i n g  d a t a  are normal ly  o b t a i n e d  by us ing  scale 
models (171,  ( 1 8 ) .  
Newland ( 1 9 )  h a s  shown t h e  geometry of t h e  
o f f - t r a c k i n g  of  t h e  r e a r  wheels .  I t  w a s  sugges ted  t h a t  
t h e  rear wheels do no t  f o l l o w  i n  t h e  t r a c k s  of  t h e  f r o n t  
b u t  a p p a r e n t l y  swing towards t h e  c e n t r e  of t h e  c i r c l e t  a  
r ea son  why l a r g e  v e h i c l e s  sometimes s t r i k e  t h e  k e r b  w i t h  
t h e i r  r e a r  t y r e s  when making t i g h t  r a d i u s  t u r n s .  
F igu re  (1.2.2-1) shows t h i s  geometry and 
F igure  (1.2.2-2) shows t h e  t u r n i n g  p a t h  of t h e  24 t o  
a r t i c u l a t e d  d e s i g n  v e h i c l e  when s t e e r i n g  t o  t h e  same 
o u t s i d e  curve  as  t h e  e igh t -whee le r  i n  F igu re  ( 1 . 2 . 2 - 1 ) .  
The work w a s  a  p r e l i m i n a r y  a n a l y s i s  t o  produce t h e  minimum 
r a d i u s  t u r n i n g  pa th  f o r  a  2 4  t o n  commercial v e h i c l e  a t  
crawl speed.  It w a s  a l s o  i n d i c a t e d  t h a t  f u r t h e r  d a t a  
w a s  neces sa ry  f o r  curve  d e s i g n  t o  i n c l u d e  a l l  t y p e s  of 
v e h i c l e s  a t  d i f f e r e n t  o p e r a t i n g  speeds .  
Henderson and Cole ( 2 0 )  i n v e s t i g a t e d  t h e  s t a n -  
dard  d e s i g n  c a r  t u r n i n g  movement. I n  t h e i r  i n v e s t i g a t i o n  
Figure 1.2.2-1 Minimum t u r n i n g  diagram f o r  t h e  24  ton, 8 wheel ,  
B r i t i s h  des ign  v e h i c l e .  
(Reproduced from r e f e r e n c e  No.19) 
Figure 1.2 .2-2  Turning diagram f o r  2 4  t o n  a r t i c u l a t e d  B r i t i s h  
v e h i c l e  when t u r n i n g  t o  t h e  same o u t s i d e  curve  
8 wheeler  shown i n  F ig .  1.2.2-1. 
(Reproduced from r e f e r e n c e  No.19) 
t h e  geomet r i ca l  shape of a  number of v e h i c l e s  of d i f -  
f e r e n t  l e n g t h  and wheel base  w a s  cons idered  t o  n e g o t i a t e  
a . 9 0 °  co rne r  and U-turns of d i f f e r e n t  d i ame te r s .  They 
showed how t h e  r e q u i r e d  t u r n i n g  r a d i u s  i s  a f f e c t e d  by t h e  
s i z e  and type  of t h e  v e h i c l e .  T h e i r  conc lus ions  w e r e  
a s  fo l lows :  
a )  The i n n e r  l i n e  of t h e  t r a c k  f o r  a  c a r  t u r n i n g  
bo th  a 90° c o r n e r  and a 180" U-turn, i s  n o t  c i r c u l a r  b u t  
of s p i r a l  form. Also t h e  cu rves  do n o t  s t a r t  t o  
f l a t t e n  o u t  u n t i l  t h e  v e h i c l e  has  passed t h e  p o i n t  
where t h e  f r o n t  wheels s t a r t  t o  s t r a i g h t e n .  . 
b )  That  bo th  t h e  l e n g t h  and width  of  t h e  road  re- 
quir .ed t o  s t r a i g h t e n  curve  a r e  less f o r  t h e  24 f t  (7.93111) 
v e h i c l e  t h a n  f o r  t h e  3 6  f t  (10.98m) v e h i c l e .  
c) When a n  a r t i c u l a t e d  v e h i c l e  t u r n s  a c o r n e r  it 
t a k e s  more space on t h e  i n n e r  p a t h  t h a n  t h e  maximum 
r i g i d  v e h i c l e s .  
d) The main p o i n t s  of t u r n i n g  through a  180' curve  
are s i m i l a r  i n  p r i n c i p l e  t o  t h o s e  involved i n  t h e  90' 
t u r n .  
F igu re s  (1 .2 .2-3) ,  (1.2.2-4) and (1.2.2-5) 
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Geometric shape of  a 42ft 6in .  
a r t i c u l a t e d  v e h i c l e  t u r n i n g  a 
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Geometric shape of an articulated vehicle having a 
16ft 6in. tractor and 40ft trailer turning a U-turn. 
(Reproduced from reference ~ 0 . 2 0 )  
Figure 1.2.2-5 Geometric shapes  of 
v a r i o u s  v e h i c l e s  
.- 
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show t h e s e  p o i n t s  and g ive  some comparison between 
d i f f e r e n t  types  of v e h i c l e s  i n  t h e i r  manoeuvres c r i t e r i a .  
The American Associa t ion  of S t a t e  Highways O f f i c i a l s  ( 2 1 )  
used f o r  t h e  geometric des ign  of r u r a l  highways seven 
design v e h i c l e s ,  one of which i s  s e l e c t e d  wi th  dimensions 
and t u r n i n g  c h a r a c t e r i s t i c s  equa l  t o  o r  g r e a t e r  than  those  
of t h e  l a r g e s t  veh ic les  expected i n  apprec iab le  numbers. 
For urban highways and a r t e r i a l  s t r e e t s , T a b l e  
( 1 . 2 . 2 - 1 )  shows t h e  r e l a t i o n s h i p  between veh ic le  wheelbase, 
o v e r a l l  l eng ths ,  minimum t u r n i n g  r a d i i  and minimum i n s i d e  
r a d i i .  And t h e  minimum edge of pavement des igns  f o r  
t u r n s  a t  i n t e r s e c t i o n s  a r e  shown i n  Table (1 .2 .2 -2 ) , in  
which f i v e  types  of v e h i c l e s  were introduced.  
Table 1.2.2-1 Relationship between vehicle dimensions and 
turning radii. 









































































w h e r e  
Ang le  
of 
T u r n  
( d e g  1 
3 0  
45  
6 0  
7 5  
90  
1 0 5  
1 2 0  
1 3 5  
1 5 0  
1 8 0  
R1 = S i m p l e  C u r v e  R a d i u s  
R2 = S i m p l e  Curve  R a d i u s  w i t h  T a p e r  
T a b l e  1 .2 .2-2 Minimum e d g e  o f  pavemen t  d e s i g n s  f o r  t u r n s  
a t  i n t e r s e c t i o n s .  
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D e s i g n  
SU 
30 .5  
- 
2 2 . 8 8 '  
- 
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- 
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- 
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6 . 1  
WB-50 
61 .0  
- 
- 








1 6 . 7 8  
- 
1 3 . 7 3  
- 
1 2 . 2  
- 
1 0 . 6 8  
- 
7 .63  
Table 1.2.2-3 continued. 
P = Passenger car 
SU = Single-Unit Truck 
WB-40 = Semi trailer-Combination intermediate 
WB-50 = Semi trailer-Combination large 
WB-55 = Semi trailer-full trailer Combination 
1.3 - E f f e c t  o f  vehicle type on capacity 
1-3.1 - Between i n t e r s e c t i o n  s i t u a t i o n s  
The composi t ion of  t r a f f i c  f low is  one of t h e  
main f a c t o r s  t h a t  a f f e c t  c a p a c i t y ,  as v e h i c l e s  of  d i f -  
f e r e n t  t y p e s  r e q u i r e  d i f f e r e n t  amounts of road  space  
because of v a r i a t i o n s  i n  s i z e  and performance. The 
problem of v a r i a t i o n  can be overcome by us ing  a n  ad- 
justment f a c t o r ,  where t h e  volume of  mixed t r a f f i c  i s  
conver ted  t o  e q u i v a l e n t  passenger  c a r s .  Under a l l  con- 
d i t i o n s  t h e  commercial v e h i c l e s  t a k e  up more space  t h a n  
passenger  cars and t h e i r  p resence  w i t h i n  t h e  t r a f f i c  
stream h a s  t o  be cons ide red  i n  o r d e r  t o  de te rmine  t h e  
number of passenger  c a r s  t h a t  each  commercial v e h i c l e  i s  
e q u i v a l e n t  t o  under s p e c i f i c  c o n d i t i o n s .  I n  a d d i t i o n  
t o  t h e i r  space c r i t e r i a ,  commercial v e h i c l e s  have poorer  
o p e r a t i n g  c a p a b i l i t i e s  t h a n  passenger  c a r s ,  p a r t i c u l a r l y .  
w i th  r e s p e c t  t o  a c c e l e r a t i o n ,  d e c e l e r a t i o n  and t h e  
a b i l i t y  t o  ma in t a in  speed on upgrades.  The o p e r a t i n g  
c a p a b i l i t i e s  are t h e  most c r i t i ca l  because heavy v e h i c l e s  
cannot ma in t a in  t h e  same performance a s  passenger  c a r s  i n  
many s i t u a t i o n s ;  l a r g e  gaps form i n  t h e  t r a f f i c  s t ream 
t h a t  are d i f f i c u l t  t o  f i l l  by p a s s i n g  manoeuvres. This  
c r e a t e s  i n e f f i c i e n c i e s  i n  t h e  u se  of  roadway space  t h a t  
cannot be comple te ly  overcome, which is  a p p a r e n t  on sus-  
t a i n e d  s t e e p  upgrades where v e h i c l e s '  o p e r a t i n g  c a p a b i l i -  
t i e s  d i f f e r  and on two-lane highways where p a s s i n g  must be 
accomplished by us ing  t h e  opposing t r a v e l  l a n e .  
Heavy v e h i c l e s  have t o  o p e r a t e  i n  a low g e a r  i n  
down-grade o p e r a t i o n s ,  p a r t i c u l a r l y  where down-grades are 
s o  s t e e p  as t o  r e q u i r e  t h a t .  I n  such  c a s e s ,  heavy ve- 
h i c l e s  a g a i n  must o p e r a t e  a t  speeds  s lower  t h a n  t h o s e  of  
passenger  c a r s  and wider  gaps  w i l l  form i n  t h e  t r a f f i c  
s t ream u n l e s s  o v e r t a k i n g  o p p o r t u n i t i e s  p r e v a i l .  
Two major problems which e f f e c t  c a p a c i t y  arise 
on l i n k s  between junc t ions .  The f i r s t  problem i s  t h e  
s i t u a t i o n  when a  long a r t i c u l a t e d  v e h i c l e  p a s s i n g  a 
s t a t i o n a r y  v e h i c l e  d i s r u p t s  o t h e r  t r a f f i c  more t h a n  a 
s h o r t  r i g i d  v e h i c l e  does  i n  t h e  same s i t u a t i o n .  One 
r ea son  f o r  t h i s  i s  t h a t  a f t e r  t h e  t r a c t o r  has  p u l l e d  o u t  
t o  t h e  r i g h t  and has  begun t o  move p a r a l l e l  t o  t h e  ax i s  
of  t h e  road ,  t h e  t ra i le r  i s  on ly  g r a d u a l l y  p u l l e d  i n t o  
l i n e  w i th  it. The outward movement must t h e r e f o r e  be 
s t a r t e d  w e l l  i n  advance of t h e  s t a t i o n a r y  v e h i c l e .  
S i m i l a r l y ,  the p a s s i n g  v e h i c l e  cannot  move back t o  t h e  
l e f t  u n t i l  t h e  t r a c t o r  i s  w e l l  p a s t  t h e  s t a t i o n a r y  ve- 
h i c l e ,  o the rwi se  t h e  rear of t h e  t r a i l e r  w i l l  c u t  i n  t o o  
soon and s t r i k e  some o t h e r  v e h i c l e .  
This  problem was d i scussed  by C h r i s t i e  (15) i n  
which he showed a  comparison between a pas s ing  d i s t a n c e  
of a 15.5m long a r t i c u l a t e d  v e h i c l e  and a cor responding  
manoeuvre by a s h o r t  r i g i d  v e h i c l e  ( c a r  o r  l i g h t  v a n ) ,  
4 . l m  long.  It w a s  n o t e d  t h a t  f o r  t h e  former  t h e  
pas s ing  d i s t a n c e  as  measured by t h e  t o t a l  l e n g t h  of 
c e n t r e - l i n e  c u t  by any p a r t  of t h e  p a s s i n g  v e h i c l e  w a s  
about  56m whi l e  f o r  t h e  l a t t e r  w a s  28m. T h i s  v a r i a t i o n  
is  shown i n  F igu re  (1 .3 .1-1) .  
The second problem i s  when o v e r t a k i n g  moving 
v e h i c l e s  where t h e  p a s s i n g  d i s t a n c e  i s  i n c r e a s e d  f u r t h e r .  
The d i s t a n c e  r e q u i r e d  i s ;  
D = SV(V-V') - L metres ( app rox ima te ly )  
where 
V and V' a r e  t h e  speeds  i n  Km/h of  t h e  o v e r t a k i n g  and 
ove r t aken  v e h i c l e s  r e s p e c t i v e l y .  
S i s  t h e  d i s t a n c e  ( i n  m e t r e s )  t r a v e l l e d  by t h e  
o v e r t a k i n g  v e h i c l e  r e l a t i v e  t o  t h e  ove r t aken  v e h i c l e .  
L i s  t h e  l e n g t h  of v e h i c l e .  
I f ,  f o r  example, V = 100 Km/h and V' = 90 Km/h 
t h e n  D = 316m f o r  t h e  s h o r t  v e h i c l e  and D = 674m for t h e  
long  v e h i c l e  u s ing  S = 32m f o r  s h o r t  v e h i c l e  and 69m f o r  
long v e h i c l e .  
F i g u r e  1.3.1-1 Pass ing  a  s t a t i o n a r y  v e h i c l e ,  15.5m long ,  on a  two-way, 
two-lane road of  width  7.3m. Pass ing  v e h i c l e s :  
( a )  DTp a r t i c u l a t e d  v e h i c l e ,  15.5m long 
(b) Shor t  r i g i d  v e h i c l e  (car o r  l i g h t  v a n ) ,  4 . l m  long 
(Reproduced from r e f e r e n c e  No.15) 
1.3.2 - A t  p r i o r i t y  junc t ions  
The p r i o r i t y  s i t u a t i o n  r e p r e s e n t s  t h e  most 
common type  of i n t e r s e c t i o n  c o n t r o l  i n  G r e a t  B r i t a i n  and 
indeed i n  many o t h e r  c o u n t r i e s .  F igures  (1.3.2-1) and. 
(1.3.2-2) show t h e  3 -am o r  "T- junct ionn,  t h e  4-arm lay -  
o u t s  ( c r o s s  i n t e r s e c t i o n )  and t h e  4-arm s taggered  i n t e r -  
s e c t i o n s  are t h e  m o s t  f r e q u e n t  type  of  i n t e r s e c t i o n  under 
which t h e  p r i o r i t y  s i t u a t i o n  o p e r a t e s  t o  s o l v e  t h e  con- 
f l i c t  between merging and c r o s s i n g  v e h i c l e s .  The use  
of "Give Wayn and "Stop" c o n t r o l  a t  i n t e r s e c t i o n s  has  
cons ide rab ly  inc reased  t h e  number of occas ions  a t  which 
a  d r i v e r  h a s  t o  merge o r  c r o s s  a major road t r a f f i c  s t ream 
making use of gaps o r  l a g s  i n  one o r  more c o n f l i c t i n g  
streams. 
I n  a r e p o r t  by t h e  Transpor t  and Road Research 
Laboratory ('221,i.t w a s  s t a t e d  t h a t  i n  r e l a t i o n  t o  t r a f f i c  
e f f e c t s ,  it is impor tant  t o  r ecogn i se  t h e  e s s e n t i a l  asym- 
metry i n  t h e  t r a f f i c  f lows of major/minor junct ions .  
The l e v e l  of major road f lows c o n s i s t e n t  wi th  s a t i s f a c t o r y  
o p e r a t i o n  of t h e  junc t ion  ( i . e .  s t i l l  a l lowing a n  accept -  
a b l e  inf low from t h e  minor arm) do n o t  u s u a l l y  approach 
t h e  c a p a c i t y  l i m i t a t i o n s  of t h e  major road i t s e l f .  Thus 
composition e f f e c t s  i n  both major and minor f lows a r e  o n l y  
r e l e v a n t  i n  a s  much a s  t h e y  a f f e c t  t h e  minor road c a p a c i t y .  
The minor road f lows are a f f e c t e d  by t h e  composition of  t h e  
major road s t reams or. by t h e  minor road t r a f f i c  i t s e l f .  
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F i g u r e  1 . 3 . 2 - 1  Traffic streams at 3 - and 4 - arm 
major/minor junctions. 
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F i g u r e  1 . 3 . 2 - 2  T r a f f i c  s t reams a t  s t a g g e r  j u n c t i o n s .  
(Reproduced from r e f e r e n c e  No.23) 
It  has  been e s t a b l i s h e d  t h a t  t h e  r i g h t - t u r n i n g  
minor road c a p a c i t y  depends on t h e  t o t a l  v e h i c u l a r  f lows  
i n  t h e  r e l e v a n t  major road  streams. Any e f f e c t  due t o  
composit ion should appea r  as a n  a s s o c i a t e d  f a c t o r  between 
t h e  f r a c t i o n  of  heavy v e h i c l e s  i n  a major road  stream and 
t h e  f low coun t s  f o r  t h e  minor road  movement ( 2 2 ) .  
The a s s o c i a t i o n  between t h e  minute-by-minute 
composi t ion of t h e  major road  s t r eam and t h e  minor road  
f low w a s  t e s t e d  by t h e  T ranspor t  and Road Research 
Laboratory ( 2 2 ) .  The tests showed t h a t  a l t hough  t h e r e  
was a n  a p p r e c i a b l e  p r o p o r t i o n  (10-15%) of heavy v e h i c l e s  
a t  a l l  bu t  one s i t e ,  none of  t h e  tests r e v e a l e d  any 
s i g n i f i c a n t  a s s o c i a t i o n .  So t h e y  have s t a t e d  t h a t  t h e r e  
was no ev idence  t o  sugges t  t h a t  t h e  composi t ion of t h e  
major road streams has  any d e t e c t a b l e  e f f e c t  on t h e  
emerging minor road s t r eams .  
The e f f e c t s  of  t r a f f i c  composi t ion on t h e  capa- 
c i t y  of j unc t ions  a r e  o f t e n  r e p r e s e n t e d  by PCU f a c t o r s .  
I t  w a s  sugges ted  (.22) t h a t  PCU f a c t o r s  would d i f f e r  from 
u n i t y  o n l y  f o r  t h e  minor road heavy v e h i c l e s  and would 
t a k e  v a l u e s  which a r e  s t r o n g l y  s i t e -dependent .  
1.3.3 - A t  roundabouts  
I n  t h e  d e s i g n  of  roundabouts  t h e r e  a r e  many 
requi rements  t o  be s a t i s f i e d  such as  t h e  p h y s i c a l  f e a -  
t u r e s  and v e h i c l e s  manoeuvres. The wide range  of  s i z e  
of v e h i c l e  t o  be c a t e r e d  f o r  b r i n g s  f u r t h e r  problems. 
A long  v e h i c l e  may have t o  t a k e  a d i f f e r e n t  c o u r s e ,  bo th  
on approach t o  and i n  t h e  roundabout.  
The Department of T r a n s p o r t ' s  manual, Dr iv ing  
( 3 9 1 ,  under " d e a l i n g  w i t h  roundabouts"  says :  
"The cou r se  t o  be fo l lowed by long v e h i c l e s  and 
buses  w i l l  depend on t h e  shape and s i z e  of 
roundabouts and t h e  amount of room a v a i l a b l e .  
Long v e h i c l e s ,  e s p e c i a l l y  a r t i c u l a t e d  ones ,  
need much more room t h a n  c a r s  and may be f o r c e d  
t o  t a k e  up p o s i t i o n s  which appear  wrong t o  you. 
Don' t  be tempted t o  squeeze through gaps  which 
could suddenly d i s a p p e a r .  Under "S igna l s  a t  
roundabouts" it says :  
"Watch o u t ,  t o o ,  f o r  long  v e h i c l e s  - t h e y  may 
have t o  t a k e  a d i f f e r e n t  cou r se  bo th  on t h e  
approach t o  t h e  roundabout and when going round 
it t o  a l l o w  f o r  t h e  rear of t h e  v e h i c l e  c u t t i n g  
i n " .  
I n  s m a l l  roundabouts  w i th  c e n t r a l  i s l a n d s  
of 4m diameter and minimum o u t e r  d imensions  of abou t  28m 
t h e  DTp a r t i c u l a t e d  v e h i c l e  can make a l l  t h e  t u r n s  
through a  roundabout w i t h  t h e s e  dimensions and s t i l l  
l e a v e  a  clear space of  l m  o r  more a d j a c e n t  t o  t h e  cen- 
t r a l  i s l a n d  and t h e  p e r i m e t e r  ( 1 5 ) .  
The manoeuvring of long  v e h i c l e s  a t  l a r g e  
roundabouts may cause  some problems due t o  a  combination 
of t h e  fo l lowing  t h r e e  f a c t o r s :  t h e  g r e a t e r  l e n g t h  of  
long  a r t i c u l a t e d  v e h i c l e s ;  t h e i r  low a c c e l e r a t i o n  when 
f u l l y  l aden ;  and t h e  h igh  c i r c u l a t o r y  speeds ,  t y p i c a l  
of ve ry  l a r g e  roundabouts .  A d r i v e r  of  a  long a r t i -  
c u l a t e d  v e h i c l e ,  when e n t e r i n g  a  roundabout,  ha s  t o  w a i t  
a t  t h e  give-way l i n e  u n t i l  t h e r e  is  no v e h i c l e  v i s i b l e  
t o  h i s  r i g h t  b e f o r e  s t a r t i n g  t o  move forward.  The t ime  
r e q u i r e d  f o r  t h i s  d r i v e r  t o  move forward i n  most c a s e s  is  
longe r  t h a n  t h e  t ime r e q u i r e d  f o r  o t h e r  v e h i c l e s  i n  t h e  
c i r c u l a t i n g  carr iageway t o  a r r i v e .  Other  d r i v e r s  ex- 
pe r i ence  t h e  s a m e  problem, b u t  t o  a lesser degree .  
The c a p a c i t y  of o f f s i d e  roundabout e n t r i e s  has  
been s t u d i e d  by t h e  T ranspor t  and Road Research Laboratory 
a t  twenty-eight  p u b l i c  road s i tes  ( 2 4 ) .  The e f f e c t s  of 
t r a f f i c  composi t ion and o f  geomet r ic  f a c t o r s  have been 
eva lua t ed .  
Passenger  c a r  u n i t s  were d e r i v e d  f o r  heavy ve- 
h i c l e s  and two-wheeled v e h i c l e s :  rounded t o  t h e  n e a r e s t  
i n t e g e r ,  t h e  average  v a l u e s  w e r e :  
heavy v e h i c l e s  e n t e r i n g  two 
c i r c u l a t i n g  two 
two-wheeled v e h i c l e s  e n t e r i n g  zero 
c i r c u l a t i n g  one 
1.3.4 - A t  s i g n a l i z e d  i n t e r s e c t i o n s  
The c a p a c i t y  of s i g n a l i z e d  i n t e r s e c t i o n s  ex- 
p re s sed  i n  v e h i c l e s  p e r  hour of  g reen  t i m e ,  i s  t h e  
r e c i p r o c a l  of t h e  ave rage  headway between v e h i c l e s  d u r i n g  
s a t u r a t i o n  f low. Th i s  sugges t ion  w a s  d i s c u s s e d  by 
Webster and Cobb ( 2 5 )  i n  1966 and t h e i r  method w a s  quoted 
by t h e  M i n i s t r y  of T ranspor t  i n  1965 and 1966 ,  who 
gave a nomogram t o  assist i n  c a l c u l a t i n g  c a p a c i t y .  
S t ewar t  ( 2 6 )  e s t i m a t e d  t h e  average  headway when 
t h e  t r a f f i c  s t ream i s  composed e n t i r e l y  of s t a n d a r d  cars 
t o  be a s  2.21 seconds and t h e  r e s u l t i n g  c a p a c i t y  w a s  1 ,630  
veh ic le /hour  of g reen  t i m e .  An average  headway of 1.925 
seconds f o r  s m a l l  cars fo l lowing  s m a l l  cars gave a c a p a c i t y  
of  1 ,870  v e h i c l e s  p e r  hour of  g reen  f o r  a homogeneous 
s t ream of small c a r s .  This  r e p r e s e n t e d  a  15% i n c r e a s e  i n  
c a p a c i t y  when a t r a f f i c  stream of f u l l - s i z e d  c a r s  was r e -  
p laced  by s m a l l  c a r s .  
I t  w a s  a l s o  sugges ted  t h a t  measurements of head- 
way between v e h i c l e s  be ing  d i scha rged  from a  queue a t  
s i g n a l i z e d  urban i n t e r s e c t i o n s  showed v e h i c l e  s i z e  t o  have 
an  e f f e c t  on headways d u r i n g  s a t u r a t i o n  f low. The shor -  
t es t  headways w e r e  found when t h e  p reced ing  and fo l lowing  
v e h i c l e s  w e r e  bo th  s m a l l  cars. The d i f f e r e n c e  i n  head- 
ways between s m a l l  c a r s  and f u l l - s i z e d  cars became i n s i g -  
n i f i c a n t  as t h e  t r a f f i c  s t ream approached f ree- f low con- 
d i t i o n s .  I t  w a s  a l s o  sugges ted  t h a t  t h e  e f f e c t  of s m a l l  
c a r s  on i n t e r s e c t i o n  c a p a c i t y  w a s  g r e a t e r  when a  l a r g e  
number of  t u r n i n g  movements w e r e  made. 
Branston and Gipps (27) ana lysed  t h e  e l a p s e d  
t i m e  from t h e  i n s t a n t  t h e  l e a d  c a r  s t a r t e d  t o  move t o  t h e  
t i m e  t h e  l a s t  car of  t h e  p l a t o o n  c r o s s e d  t h e  s t a r t i n g  
p o s i t i o n  of  t h e  l e a d  car. I n  t h e i r  s t u d y  t h e  c r o s s i n g  
t i m e  f o r  t h e  f i r s t  10  v e h i c l e s  d i scha rged  from a  s a t u r a t e d  
s i g n a l i z e d  i n t e r s e c t i o n  d u r i n g  t h e  green  phase w e r e  ob- 
se rved  i n  street t r a f f i c  t o  have a  mean of 16.98 seconds 
a t  a p o i n t  n e a r  t h e  s t o p  l i n e .  The mean c r o s s i n g  t i m e  
p e r  v e h i c l e  f o r  c r u i s i n g  speeds  of 20-50 mile/hour w a s  
1.88 seconds and 1.69 seconds f o r  s t a n d a r d  and s m a l l  
c a r s  r e s p e c t i v e l y .  T h i s  sugges ted  a s a t u r a t i o n  f low of 
1 ,860 and 2,056 v e h i c l e / ( h o u r  of g reen  c y c l e  t i m e )  f o r  
s t a n d a r d  and s m a l l  car p l a t o o n s  r e s p e c t i v e l y .  These 
s a t u r a t i o n  f lows  w e r e  c a l c u l a t e d  us ing  a  t i m e  of 2.72 
seconds f o r  t h e  response  t i m e  of t h e  l e a d  c a r  t o  t h e  on- 
set of t h e  green  phase.  The d u r a t i o n  of t h e  green  phase  
w a s  assumed t o  be 30 seconds.  The 10.6 p e r  c e n t  d i f -  
f e r e n c e  i n  t h e s e  e s t i m a t e d  s a t u r a t i o n  f lows  w a s  c o n s i s t e n t  
w i t h  p rev ious  e s t i m a t e s .  I t  w a s  sugges ted  t h a t  t h e  d i f -  
f e r e n c e  i n  t h e  t r a v e l  t i m e s  of  t h e  l a s t  c a r  t o  t h e  
c r o s s i n g  p o i n t  could be more d i r e c t l y  r e l a t e d  t o  t h e  ve- 
h i c l e  l e n g t h  and performance. The average  i n t e r - v e h i c l e  
s e p a r a t i o n  adopted by t h e  d r i v e r s  when t h e  p l a t o o n  w a s  
s t a t i o n a r y  w a s  found t o  be approximate ly  t h e  same f o r  bo th  
t h e  s t anda rd  c a r  and s m a l l  c a r  p l a toons .  A s  a r e s u l t  of  
t h e  v e h i c l e  l e n g t h  d i f f e r e n c e s ,  t h e  l a s t  c a r  i n  t h e  s m a l l  
car p l a toon  w a s  174 f t  (52.78m) from t h e  s t a r t i n g  p o s i t i o n  
of  t h e  l e a d  car, compared t o  213 f t  (64.61m) f o r  t h e  l a s t  
car i n  t h e . s t a n d a r d  car p l a toon .  The added t r a v e l  d i s -  
t a n c e  of  t h e  l a s t  s t a n d a r d  car w a s ,  i n  t u r n ,  p a r t l y  com- 
pensa ted  by a h i g h e r l a c c e l e r a t i o n .  
Branston (28) ana lysed  t h e  v a r i a t i o n  of PCU 
v a l u e s  u s ing  t h r e e  v e h i c l e  t ypes :  buses ,  medium commercial 
v e h i c l e s  ( l o r r i e s  w i t h  two a x l e s )  and heavy commercial ve- 
h i c l e s  ( l o r r i e s  w i t h  t h r e e  o r  more a x l e s ) .  I t  w a s  i n d i -  
c a t e d  i n  h i s  i n v e s t i g a t i o n  t h a t  t h e  dependence of  PCU v a l u e s  
of  commercial v e h i c l e s  on s a t u r a t i o n  f low w a s  of i n t e r e s t  
from a  behav iou ra l  v iewpoin t ,  b u t  a  s imp le r  approach which 
u s e s  average  PCU v a l u e s  w a s  more a p p r o p r i a t e  f o r  p r a c t i c a l  
a p p l i c a t i o n s .  
Vehic le  t y p e  e f f e c t  was appa ren t  when s t r a i g h t - o n  
cars were c o n s t r a i n e d  t o  fo l low behind a  l e f t - t u r n i n g  car 
through t h e  j unc t ion ,  t h e  l a t t e r ' s  PCU va lue  w a s ,  on ave rage ,  
1.33. PCU va lues  of l e f t - t u r n i n g  buses ,  medium and heavy 
commercials w e r e  abou t  1 .2  t i m e s  t h e  cor responding  va lues  
f o r  s t r a i g h t - o n  v e h i c l e s  o f  t h e s e  t ypes .  
I t  w a s  a l s o  sugges ted  by Branston t h a t  u n l e s s  t h e  
p r o p o r t i o n  of motorcyc les  o r  peda l  c y c l e s  i n  t h e  t r a f f i c  
s t ream w a s  g r e a t e r  t han  abou t  20  per  c e n t ,  o r  such v e h i c l e s  
i n t e r f e r e d  s e v e r e l y  w i t h  l e f t - t u r n i n g  t r a f f i c ,  t h e y  would 
have ve ry  l i t t l e  e f f e c t  on s a t u r a t i o n  f low and could  be 
ignored  f o r  p r a c t i c a l  purposes .  
1.3.5 - A t  Grade Separated I n t e r s e c t i o n s  
The c r i t e r i a  on which t h e  j u s t i f i c a t i o n  of t h e  
p rov i s ion  of grade  s e p a r a t i o n  i s  based i s  mainly t h e  
c o s t  of veh ic le  de lay .  However, t h e  p rov i s ion  of a 
smooth un in te r rup ted  flow and reduct ion  i n  t h e  dangers 
on high speed r o u t e s  may a l s o  be considered i n  t h a t  j u s t i -  
f  i c a t i o n .  
I n  a  r e p o r t  by t h e  Transport  and Road Research 
Laboratory (29)  , the  e n t r y  c a p a c i t i e s  of seven e n t r i e s  t o  
grade-separated roundabouts w e r e  i n v e s t i g a t e d .  A l l  
e n t r i e s  were f e d  by e x i t s  from motorways and t h e i r  capa- 
c i t i e s  were compared with those  p red ic ted  by a  ' u n i f i e d '  
formula f o r  a t-grade roundabouts. 
I n  t h e i r  s tudy it was found t h a t  t r a f f i c  per- 
formance d i f f e r e d  s l i g h t l y  from t h a t  a t -grade roundabouts 
and t h e  e n t r y  capac i ty  was more s e n s i t i v e  t o  t h e  c i r cu -  
l a t i n g  flow. A s l i g h t l y  modified form of t h e  u n i f i e d  
capac i ty  formula ( 2 9 )  f o r  a t-grade roundabouts was thus  
suggested f o r  use with grade-separated roundabouts. The 
'modified form is: 
where F and f c  a r e  a s  c a l c u l a t e d  from u n i f i e d  formula 
The formula i s  a p p l i c a b l e  a t  a l l  grade-sepa- 
r a t e d  roundabouts  where: 
i )  motorways connec t  d i r e c t l y  w i t h ,  o r  t e r m i n a t e  
a t ,  t h e  roundabout and;  
ii) e x i t  s l i p - r o a d s  from motorways o r  d u a l  c a r r i a g e -  
Ways pas s  above o r  below t h e  c e n t r e  of t h e  roundabout.  
I n  t h e  s t u d y  v e h i c l e s  w e r e  c l a s s i f i e d  as 
' l i g h t '  ( t h o s e  w i t h  3 o r  4 t y r e s )  and ' h e a v i e s '  ( t h o s e  
w i th  more than  4 t y r e s  - i n c l u d i n g  cars p u l l i n g  trailers 
o r  c a r a v a n s ) .  The number of two-wheelers w a s  n e g l i g i b l e  
a t  a l l  of t h e  si tes.  
A l l  p a i r s  of e n t r y  and c i r c u l a t i n g  f lows  a t  
each  s i t e  f o r  s a t u r a t e d  minutes  w e r e  conver ted  t o  passenger-  
car u n i t s  p e r  hour (PCU/h) u s ing  t h e  f a c t o r s :  
1 l i g h t  p e r  minute = 6 0  pCU/h 
1 heavy p e r  minute = 1 2 0  PCU/h 
Recent s t u d i e s  i n  t h e  USA have been d i r e c t e d  t o -  
wards t h e  c a l i b r a t i o n  of passenger  c a r  e q u i v a l e n t s .  
Roess and Messer (30) i n v e s t i g a t e d  t h e  passenger  
car e q u i v a l e n t s  f o r  u n i n t e r r u p t e d  f low,  t hey  ana lysed  
c a p a c i t y  based on  performance parameters  s o  PCE v a l u e s  
should  relate t o  t h o s e  same performance parameters .  I t  
w a s  found t h a t  speed was t h e  p r i n c i p a l  c r i t e r i o n  f o r  d e s i -  
g n a t i o n  of  l e v e l s  of  s e r v i c e .  Thus, convers ions  from 
mixed t o  PCE volumes would n o t  a l t e r  t h e  performance para-  
meters ,de f in ing  l e v e l  of s e r v i c e .  I t  was sugges ted  t h a t  
i f  t h i s  p r i n c i p l e  w a s  t o  be extended t o  t h e  u n i n t e r r u p t e d  
f low procedure  of C i r c u l a r  212 ( 3 J ) ,  P C E ' s  should be based 
on e q u a l  d e n s i t i e s ,  because d e n s i t y  i s  t h e  p r i n c i p a l  para -  
meter d e f i n i n g  l e v e l  of  s e r v i c e .  It w a s  noted t h a t  none 
of t h e  o t h e r  concepts  f o r  P C E ' s  reviewed i n  t h e i r  r e s e a r c h  
gua ran tees  t h a t  t h e  e q u i v a l e n t  PCE volume o p e r a t e s  a t  t h e  
same performance l e v e l s  as  t h e  a c t u a l  mixed t r a f f i c  s t ream.  
The c o n s t a n t  volume-to-capacity ( V / C )  r a t i o  ap- 
proach used i n  deve lop ing  t h e  C i r c u l a r  212 v a l u e s  w a s  
suggested t o  be r e l e v a n t  i n  i t s  own r i g h t ,  because V/C 
va lues  a r e  related t o  speed and d e n s i t i e s .  F u r t h e r ,  t h e  
p r o p o r t i o n  of c a p a c i t y  used and t h e  p r o p o r t i o n  s t i l l  a v a i l -  
a b l e  a r e  c r i t i ca l  p i e c e s  of i n fo rma t ion .  However, wh i l e  
V/C r a t i o s  w e r e  he ld  c o n s t a n t ,  it w a s  sugges ted  t h a t  equ i -  
v a l e n t  t r a f f i c  s t reams  might no t  o p e r a t e  a t  t h e  same speed 
and d e n s i t y  as t h e  a c t u a l  mixed t r a f f i c  s t ream.  
The use  of weight-to-horsepower r a t i o  w a s  i n t r o -  
duced as a  c r i t e r i a  i n  v e h i c l e  c l a s s i f i c a t i o n .  The 
fo l lowing recommendations were made:- 
i )  The passenger  car equ iva l en t  va lues  f o r  normal 
t r u c k  popula t ions  should be based on performance charac- 
ter is t ics  of a 200 lb/hp t r uck .  
ii) For non-standard t r u c k  popu la t ions  t h e  passenger  
c a r  equ iva l en t  va lue s  should a l s o  be provided ( l i g h t  t r u c k  
popula t ions  would be represen ted  by a  100 lb/hp t r u c k  and 
heavy t r u c k  popu la t ions  by 300  lb/hp t r u c k ) .  
Effect of vehicle type on delay 
1.4.1 - Introduction 
I n t e r s e c t i o n s  r e p r e s e n t  t h e  main l o c a t i o n s  of t h e  
highway system where d e l a y  t o  v e h i c l e s  movement i s  t o  be 
cons idered .  The magnitude of  t h i s  d e l a y  i s  i n f l u e n c e d  by 
i n t e r s e c t i o n  d e s i g n  and v e h i c l e s  performance,  where t h e  
l a t t e r  i s  r e l a t e d  t o  v e h i c l e  t ypes .  A passenger  c a r  i s  
l i k e l y  t o  n e g o t i a t e  t h e  i n t e r s e c t i o n  geometr ic  l a y o u t  w i t h  
less e f f o r t  t h a n  t h e  heavy goods v e h i c l e s  and buses .  
The a r e a s  i n  which v e h i c l e s  t ype  could a f f e c t  
d e l a y  a t  highway i n t e r s e c t i o n  are: 
1 - The amount of s t a r t i n g  d e l a y  i n h e r e n t  i n  t h e  
s t a r t i n g  movement of a queue of s topped v e h i c l e s .  
2 - Delay due t o  t h e  d e n s i t y  of t r a f f i c  f low.  
3 - Delay due t o  v e h i c l e  w a i t i n g  f o r  a  s u i t a b l e  
gap i n  t h e  opposing s t ream whi le  t u r n i n g .  
A l l  t h e s e  a r e a s  could be reduced i f  t h e  percen- 
t a g e s  of heavy commercial v e h i c l e s  were reduced,  as t h e y  
have low a b i l i t y  t o  manoeuvre a t  i n t e r s e c t i o n s .  
J u n c t i o n s  are complex a r e a s  of t r a f f i c  i n t e r s e c -  
t i o n ,  t h e i r  physica.1 c h a r a c t e r i s t i c s  (number of l a n e s ,  
g r a d i e n t s ,  geome t r i c  l a y o u t ,  l o c a t i o n  of  bus s t o p s  and 
p e d e s t r i a n  c r o s s i n g s ) ,  t r a f f i c  u se  ( f l o w s  and t u r n i n g  
movements, c l a s s i f i c a t i o n s ,  performance speeds ,  r o u t e  t y p e s  
and p e d e s t r i a n  f l o w s )  and t h e  form of  t r a f f i c  c o n t r o l  
( s i g n a l s ,  c h a n n e l i s a t i o n ,  roundabouts ,  t u r n i n g  r e s t r i c t i o n s  
and g rade  s e p a r a t i o n )  a l l  i n f l u e n c e  t h e  n a t u r e  and amount 
of  d e l a y  d i s t r i b u t e d  among u s e r s .  
1.4.2 - A t  s i g n a l i z e d  i n t e r s e c t i o n  
Delay t o  v e h i c l e s  a t  s i g n a l i z e d  i n t e r s e c t i o n s  has  
been ana lysed  by a l a r g e  number of  r e s e a r c h e r s .  T h e i r  
s t u d y  approaches  inc luded  mathemat ical  a n a l y s i s  and t r a f f i c  
s imu la t ion .  
Al l sop  ( 3 2 )  has  made a comprehensive survey  of  
e x p r e s s i o n s  f o r  t h e  ave rage  d e l a y  a t  f i x e d  t i m e  t r a f f i c  s i g -  
n a l s  and Hutchinson ( 3 3 )  h a s  compared numerical  e x p r e s s i o n s  
d e r i v e d  by Webster (25), M i l l e r  ( 3 4 )  and N e w e l 1  ( 3 5 ) .  H i s  
numerical  comparisons were made by t a k i n g  a s  a base  
Webs te r ' s  f u l l  e x p r e s s i o n  which w a s  de r ived  by computer simu- 
l a t i o n .  
Other  r e s e a r c h e r s  have ana lysed  t h e  e f f e c t  of com- 
p o s i t i o n  of t r a f f i c  upon d e l a y s .  Sos in  ( 3 6 )  i n v e s t i g a t e d  
t h e  changes i n  t h e  composi t ion of surveyed t r a f f i c  and used 
d e l a y  t o  i n t r o d u c e  comparable e q u i v a l e n t s  f o r  v a r i o u s  k inds  
of v e h i c l e s .  The e q u i v a l e n t s  r e f e r r e d  t o  t h e  i n f l u e n c e  of  
t h e  composi t ion of t r a f f i c  upon d e l a y s .  From t h e  c a l c u l a -  
t i o n s  t h e  fo l lowing  e q u i v a l e n t s  were obta ined :  
Passenger  c a r s  1 . 0  
L o r r i e s  1 .6  
Buses 1 .7  
L o r r i e s  w i t h  t r a i l e r  
and a r t i c u l a t e d  v e h i c l e s  2 .8  
Motor c y c l e s  and b i c y c l e s  0 .6  
Kimber, McDonald and Hounsel l  ( 3 7 )  i n d i c a t e d  
t h a t  t h e  r o l e  of PCUs i n  t h e  s a t u r a t i o n  f low c a l c u l a t i o n  
is  a n  estimate of t h e  number of passenger  c a r s  t h a t  would 
p a s s  i f  t h e r e  were no heavy v e h i c l e s ,  o r  of t h e  number of  
v e h i c l e s  t h a t  could p a s s  a t  a g iven  t r a f f i c  composit ion.  
They have assumed t h a t  PCU v a l u e s  should be chosen s o  as 
t o  op t imi se  t h e  s a t u r a t i o n  f low p r e d i c t i o n  i n  some way. 
However, a l t hough  it i s  a n  impor tan t  parameter  of  d e s i g n ,  
s a t u r a t i o n  f low i s  no t  t h e  u l t i m a t e  measure of  j unc t ion  
performance. 
I n  o r d e r  t o  minimise v e h i c l e  d e l a y  t h e  s i g n a l  
t im ings  have t o  be op t imised .  The s a t u r a t i o n  f low and 
t h e  degree  of s a t u r a t i o n  a r e  o n l y  i n t e r m e d i a t e  v a r i a b l e s  
i n  t h i s  p roces s  and PCU v a l u e s  could be chosen s o  a s  t o  
op t imi se  t h e  s i g n a l - s e t t i n g  p roces s  ( t o  minimise d e l a y )  
r a t h e r  t h a n  t o  maximise t h e  accuracy  of s a t u r a t i o n - f l o w  
p r e d i c t i o n .  The re fo re ,  some s imple  s i m u l a t i o n s  of 
queueing a t  a t r a f f i c  s i g n a l  have been c a r r i e d  o u t  i n  
o r d e r  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between t h o s e  PCU 
e s t i m a t e s  which w e r e  chosen t o  produce s i g n a l  s e t t i n g s  
f o r  minimum d e l a y ,  and t h o s e  which were ob ta ined  by t h e  
headway r a t i o  method and by asynchronous r e g r e s s i o n .  
The r a t i o  of t h e  mean r e l e a s e  headway of c a r s  
and heavy v e h i c l e s  i s  a fundamental  c r i t e r i o n  of t h e  
t r a f f i c .  The s i g n a l s  s e t t i n g s  - c y c l e  t i m e ,  e f f e c t i v e  
r e d  t i m e  and r a t i o  of g reen  t i m e s  - a r e  t h e  d e s i g n  para-  
meters t o  be a d j u s t e d  s o  a s  t o  ach ieve  optimum c o n d i t i o n s .  
I n  o r d e r  t o  a r r i v e  a t  t h e s e  s e t t i n g s  a PCU va lue  has  t o  be 
assumed f o r  heavy v e h i c l e s .  Th i s  va lue  can be chosen s o  
a s  t o  y i e l d  s e t t i n g s  which minimise t h e  t o t a l  v e h i c u l a r  
d e l a y  f o r  a g iven  pe rcen tage  of heavy v e h i c l e s  ( 3 7 ) .  
1.4.3 - A t  p r i o r i t y  i n t e r s e c t i o n s  
The growth of  t r a f f i c  as a whole and t h e  i n c r e a s e  
i n  t h e  number of  heavy commercial v e h i c l e s  have l e d  t o  con- 
s i d e r a b l e  conges t ion  and d e l a y  a t  p r i o r i t y  i n t e r s e c t i o n s  
du r ing  peak hours .  This  h a s  r e s u l t e d  i n  making t h e  pre-  
d i c t i o n  of queue l e n g t h s  and v e h i c u l a r  d e l a y  impor tan t  i n  
many a s p e c t s  of t r a f f i c  eng inee r ing .  
Cons iderab le  work h a s  been c a r r i e d  o u t  u s ing  
e m p i r i c a l ,  mathemat ical  and s i m u l a t i o n  p roces ses  t o  i n -  
v e s t i g a t e  d e l a y  a t  p r i o r i t y  i n t e r s e c t i o n s .  A t  t h e  p r e s e n t  
t i m e  t h e  average  d e l a y  t o  minor road v e h i c l e s  i s  c a l c u l a t e d  
us ing  e x p r e s s i o n s  i n t roduced  by t h e  T ranspor t  and Road 
Research Laboratory ( 3 8 ) .  
McDonald, Hounsel l  and Kimber 1984 ( 3 7 )  i n v e s t i -  
ga t ed  geometr ic  d e l a y  a t  p r i o r i t y  i n t e r s e c t i o n s  by 
grouping v e h i c l e s  i n t o  two t y p e s ,  l i g h t  v e h i c l e s  and o t h e r  
goods v e h i c l e s  (heavy goods v e h i c l e s ) .  They have i n d i -  
c a t e d  t h a t  heavy v e h i c l e s  w e r e  found t o  be s u b j e c t  t o  d e l a y  
i n  exces s  of  t h a t  p r e d i c t e d  f o r  l i g h t  v e h i c l e s .  I t  w a s  
2 . 1  seconds a t  p r i o r i t y  j unc t ions  (approximate ly  25  p e r  
c e n t  of t h e  d e l a y  averaged over  a l l  de layed  movements). 
The geometr ic  d e l a y s  are c l a s s i f i e d  i n  t a b l e  1.4.3-1 f o r  
l i g h t  v e h i c l e s .  
* Add 2 . 0  seconds i f  mean l i n k  speeds  > 65 K.p.h. 
A d d  1 . 4  seconds i f  v i s i b i l i t y  requi rements  do n o t  meet 
t h e  requi rements  of  r e f e r e n c e  ( 3 7 ) .  
Delay ( s e c . )  - l i g h t  v e h i c l e s  * 
Table  1.4.3-1 Geometric d e l a y s  f o r  l i g h t  v e h i c l e s  a t  
p r i o r i t y  j unc t ions ,  1984. 
L e f t  t u r n  
S ide  Road Main Road 
7.8 5 .7  
Right  t u r n  
S ide  Road Main Road 
10.6 6.5 
S t r a i g h t  ahead 
S ide  Road Main Road 
12.2 0 
1 
1 - 4 . 4  - A t  roundabouts  
A t  any approach i n  a roundabout t h e  bui ld-up of 
v e h i c l e  queue i s  governed by t h e  r a t e  of d i s c h a r g e  and t h e  
r a t e  of a r r i v a l .  The rate of  d i s c h a r g e  depends upon t h e  
t i m e  i n t e r v a l  between v e h i c l e s  a l r e a d y  i n  t h e  c i r c u l a t i n g  
s e c t i o n  which i s  r e l a t e d  t o  t r a f f i c  f low and i t s  composi- 
t i o n  i n  t h a t  s e c t i o n .  Veh ic l e s '  d e l a y  as  a r e s u l t  of t h i s  
build-up i s  r e f e r r e d  t o  as queueing d e l a y .  I t  i s  cal- 
c u l a t e d  by n o t i n g  t h e  queue l e n g t h  a t  t h e  beg inn ing  o f  a 
t i m e  segment and t h e  queue l e n g t h  a t  t h e  end of t h e  segment. 
The o t h e r  form of  d e l a y  i s  geomet r ic  d e l a y  caused 
t o  a v e h i c l e  due t o  t h e  presence  of t h e  roundabout.  I t  
o c c u r s  because v e h i c l e s  have t o  reduce t h e i r  speed t o  nego- 
t i a t e  t h e  j unc t ion ,  d e v i a t e  from t h e  d i r e c t  p a t h  which would 
be a v a i l a b l e  i f  t h e  roundabout w a s  n o t  t h e r e  and a c c e l e r a t e  
back t o  normal running speed.  
McDonald, Hounsel l  and Kimber, 1984 (37) i n t r o -  
duced d e l a y  formulae based on e x t e n s i v e  o b s e r v a t i o n s  on 
p u b l i c  roads .  The d e l a y  f o r  each  v e h i c l e  making a p a r t i -  
c u l a r  movement i s  c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between: 
( i)  t h e  t i m e  t aken  t o  t r a v e l  th rough  t h e  junc- 
t i o n  between t h e  p o i n t s  where d e c e l e r a t i o n  beg ins  and 
a c c e l e r a t i o n  ends and 
(ii) t h e  t i m e  t aken  t o  t r a v e l  between t h e s e  two 
p o i n t s  i n  t h e  absence of t h e  junc t ion .  
Both t h e s e  depend on approach and d e p a r t u r e  speeds  
and on c e r t a i n  geomet r ic  parameters  of t h e  roundabout.  
Heavy v e h i c l e s  are a t t r i b u t e d  1 5  p e r  c e n t  g r e a t e r  geomet r ic  
d e l a y  than  l i g h t  v e h i c l e s .  This  r e s u l t s  from t h e i r  lower 
acceleration/deceleration c a p a b i l i t i e s  and s lower  speeds  
round curves .  
I n  t h e i r  s t u d i e s  of geomet r ic  de l ay ,  two c l a s s i f i -  
c a t i o n s  of v e h i c l e  w e r e  used,  l i g h t  v e h i c l e s  and heavy 
v e h i c l e s .  The v a r i a t i o n  i n  v e h i c l e  t y p e  w a s  accompanied by 
a cor respondingly  wide range of geomet r ic  d e l a y  measurements 
f o r  t h e  c l a s s i f i c a t i o n  of heavy v e h i c l e s .  
For grade-separated roundabouts  t a b l e  1 . 4 . 4 - 1  shows 
d e l a y  (sec.) f o r  l i g h t  v e h i c l e s .  
Delay ( s e c . )  - l i g h t  v e h i c l e s  * 
L e f t  t u r n  Right  t u r n  S t r a i g h t  ahead 
l o *  28* 11 
* Add 3 seconds f o r  f l y o v e r  when t r a v e l l i n g  from minor road  
t o  motorway. 
Table 1 . 4 . 4 - 1  Delay f o r  l i g h t  v e h i c l e s  a t  g rade-separa ted  
roundabouts ,  1984. 
The i r  r e g r e s s i o n  e q u a t i o n  f o r  a l l  roundabout 
was 
where 
g  = d e l a y  (sec) 
ED = e x t r a  d i s t a n c e  involved  i n  n e g o t i a t i n g  t h e  
i n t e r s e c t i o n  ( m )  
Y = average  of approach and e x i t  l i n k  speeds  
( m / s e c )  = (V +V )/2 
A D 
VBC = average  speed w i t h i n  i n t e r s e c t i o n  
The geomet r ic  d e l a y  f o r  heavy v e h i c l e s  w a s  e s t i m a t e d  
as  p e r  s i t e  c a t e g o r i e s :  
Intersection type Delay to heavy vehicle 
Free-flowing motorway 
l i n k s  A s  l i g h t  v e h i c l e  
P r i o r i t y  j unc t ion ,  
diamond i n t e r s e c t i o n  A s  l i g h t  v e h i c l e  + 25% 
A l l  o t h e r  i n t e r s e c t i o n s  A s  l i g h t  v e h i c l e  + 15% 
The geomet r ic  d e l a y  w i l l  be supplemented f o r  
c a p a c i t y  l i m i t e d  s t reams  by queueing d e l a y s  as  t r a f f i c  f lows  
i n c r e a s e .  It i s  a s  w e l l  t o  no t e  t h a t  it i n c l u d e s  e lements  
of d e l a y  a s s o c i a t e d  wi th  t h e  d r i v e r  checking t h a t  it i s  s a f e  
t o  e n t e r  t h e  junc t ion .  
The work covered  a wide area o f  geome t r i c  d e l a y  and 
cons ide red  two d i f f e r e n t  approaches  t o  t h e  e s t i m a t i o n  
o f  t h i s  d e l a y ,  one used t h e  s t a n d a r d  t e c h n i q u e s  o f  mul- 
t i p l e  r e g r e s s i o n  o r  c a t e g o r y  a n a l y s i s  and t h e  o t h e r  app- 
roach  made u s e  of  a s y n t h e t i c  model. I t  r e p r e s e n t s  a n  
impor t an t  r e s u l t  because  it gave t h e  l a t e s t  i n f o r m a t i o n  
on  d e l a y  v a r i a t i o n  due t o  t y p e  o f  v e h i c l e s  p r e s e n t  i n  
t h e  t r a f f i c  system. 
Effects of Vehicle Type at 
Traffic Signals 
CHAPTER TWO 
E f f e c t s  of vehicle type. at traffic signals 
2.1 - I n t r o d u c t i o n .  
The s i g n a l i z e d  i n t e r s e c t i o n  i s  one of t h e  most 
complex l o c a t i o n s  i n  a t r a f f i c  system. An a n a l y s i s  of i t s  
o p e r a t i o n a l  c h a r a c t e r i s t i c s  must c o n s i d e r  t h e  e f f e c t  of  i t s  
geomet r ic  d e s i g n ,  s i g n a l  o p e r a t i o n  and t r a f f i c  f a c t o r s .  
The l a t t e r  i n c l u d e s  t h e  p a t t e r n  and composi t ion of a r r i v i n g  
t r a f f i c ,  t u r n i n g  movements, p resence  of p e d e s t r i a n s  and 
g e n e r a l  d r i v e r  c h a r a c t e r i s t i c s .  The p a t t e r n  of t r a f f i c  
a r r i v a l s  i s  s t r o n g l y  i n f l u e n c e d  by nearby t r a f f i c  s i g n a l s  
and t h e i r  co-ord ina t ion .  
Capac i ty  of a n  approach is a f f e c t e d  by v e h i c l e  
t y p e s  e s p e c i a l l y  buses  and a r t i c u l a t e d  v e h i c l e s  wi th  t h e i r  
lower a c c e l e r a t i o n  a b i l i t y  and o t h e r  o p e r a t i n g  c h a r a c t e r i -  
s t i c s  such as d e c e l e r a t i o n  and t u r n i n g  movement r e q u i r e -  
ments. T h i s  v a r i a t i o n  i n  v e h i c l e  t y p e s  l e d  t o  t h e  a p p l i c a -  
t i o n  of a convers ion  procedure  i n  o r d e r  t o  o b t a i n  a s t a n -  
d a r d i s e d  f low rate a t  each  approach of t h e  s i g n a l  i n t e r -  
s e c t i o n .  I n  t h e  B r i t i s h  method ( 2 s ) , t h e  fo l lowing  f a c t o r s  
were used t o  o b t a i n  t h e  passenger  c a r  u n i t  e q u i v a l e n t s  a t  a  
t r a f f i c  s i g n a l  approach:- 
1 Bus = 2.25 PCU 
1 Heavy and medium commercial v e h i c l e  = 1.75 PCU 
1 Ligh t  commercial v e h i c l e  = 1 PCU 
1 Motor c y c l e ,  moped o r  s c o o t e r  = 0.33 PCU 
1 Peda l  c y c l e  = 0.20 PCU 
The United S t a t e s  method a p p l i e s  a n  ad jus tmen t  f a c t o r  t h a t  
reduces  o r  i n c r e a s e s  t h e  c a p a c i t y  and s e r v i c e  volumes which 
w i l l  conve r t  t h e  base  c o n d i t i o n  of  5 p e r  c e n t  t r u c k s  and 
th rough  buses  t o  any e x i s t i n g  pe rcen tage  ( 4 0 ) .  
Adjustment f a c t o r  = 1 -1 0.01 (T - 5) 
where 
T i s  t h e  pe rcen tage  of t r u c k s  and th rough  buses .  
Th i s  va lue  is  based on o b s e r v a t i o n s  of  p e r f o r -  
mance wi th  t r u c k  pe rcen tages  below 20%. Gwynm ( 4 l ) , s u g g e s t e d  
t h a t  t h i s  o v e r e s t i m a t e s  t h e  e f f e c t  of t r u c k s  when t h e y  con- 
s t i t u t e  ove r  20% of approach t r a f f i c .  
Most of t h e  d e l a y s  occu r  a t  road junc t ions  which 
may s u b s t a n t i a l l y  reduce  t r a f f i c  f lows  when c o n t r o l l e d  by 
t r a f f i c  s i g n a l s .  I n  c e n t r a l  London even d u r i n g  o f f  peak 
hours  over  one t h i r d  of a t y p i c a l  journey i s  s p e n t  at 
t r a f f i c  s i g n a l s  ( 4 2  ) .  
I n  t h i s  c h a p t e r  t h e  e f f e c t  of  v e h i c l e  t ype  on 
junc t ion  c a p a c i t y  and d e l a y  w i l l  be i n v e s t i g a t e d  and 
ana lysed  i n  t e r m s  of passenger  c a r  u n i t  v a l u e s  a t  d i f f e r e n t  
highway junc t ions  c o n t r o l l e d  by t r a f f i c  s i g n a l s .  
Adams (43)and  Kinzer ( 4 4 ) f i r s t  i n v e s t i g a t e d  t h e  
f r e e  flowing cond i t ions  of t h e  t r a f f i c  flow. It w a s  shown 
t h a t  i n  t h e s e  cond i t ions  t h e  a r r i v a l  d i s t r i b u t i o n  of 
v e h i c l e s  could be approximated by t h e  Poisson d i s t r i b u t i o n .  
The a p p l i c a t i o n  of t h e  Poisson d i s t r i b u t i o n  t o  
t r a f f i c  was s t u d i e d  by Pak-Roy (45 . ) .  The d a t a  which was 
obtained from t h e  f o u r  si tes i n  A u s t r a l i a  was d iv ided  i n t o  
30 second i n t e r v a l s  and t h e  frequency of a r r i v a l  was noted 
and compared with t h e  frequency obta ined  from t h e  Poisson 
d i s t r i b u t i o n .  
The c l a s s  i n t e r v a l  was one second,and a  cumulative 
frequency curve was f i t t e d  t o  t h e  t h e o r e t i c a l  exponent ia l  
curve and p l o t t e d  on semi-log paper f o r  t h e  volumes observed. 
From these  r e s u l t s  and graphs,  it w a s  concluded t h a t  t h e  
upper l i m i t  t o  t h e  volume a t  which v e h i c l e s  w i l l  be d i s t r i -  
buted a t  random var i ed  with t h e  l o c a t i o n .  I n  each case  t h e  
c r i t i c a l  range of volume, a t  and above which t h e  Poisson 
d i s t r i b u t i o n  ceased t o  a good approximation, agreed with t h e  
p r a c t i c a l  capac i ty  of t h e  f a c i l i t y  being considered. 
T r a f f i c  flow r a t e s  were descr ibed  by Buckley (46)  
t o  vary a s  a  func t ion  of t i m e .  Buckley proposed a  s e m i -  
random headway d i s t r i b u t i o n  f o r  a  f r e e  flowing s i n g l e  l ane  
t r a f f i c  flow i n  which it was assumed t h a t  behind each veh ic le  
t h e r e  i s  a zone which v e h i c l e s  never e n t e r .  It was found 
t h a t  t h e  negat ive exponent ia l  d i s t r i b u t i o n  was an extremely 
poor fit to the observed data, and both the generalised 
Pearson type I11 distribution and the semi-random distri- 
bution gave an acceptable fit to a limited amount of very 
high volume free-headway frequency data. A modified 
binomial distribution was suggested by Lewis (47) in which 
two different levels of probability were employed. The 




Pa = enhanced probability of an arrival at a 
time increment when e 5 h 5 R 
Pb = diminished probability of an arrival at a 
time increment when h>R 
B = bunching factor which is the fraction of 
all headways - < R 
R = maximum headway for which the probability 
of an arrival is enhanced. 
e = minimum headway permitted 
- 
h = mean of all headways, and 
h = any value of h. 
Lewis proposed 0.5 seconds for "en, 4.5 seconds 
for "R1' and (1-e -0.00132V) for B. 
S c h u l l  ( 4 8 )  proposed t h a t  when t r a f f i c  s u f f e r s  
some deg ree  of conges t ion ,  t h e  headway d i s t r i b u t i o n  could  
be cons idered  t o  be composed of two e x p o n e n t i a l  cu rves ,  one 
r e p r e s e n t i n g  t h o s e  d r i v e r s  who w e r e  unable  t o  o v e r t a k e  and 
were r e s t r a i n e d  i n  t h e i r  d r i v i n g  performance and t h e  o t h e r  
r e p r e s e n t i n g  t h o s e  d r i v e r s  who w e r e  u n r e s t r a i n e d  by o t h e r  
v e h i c l e s  on t h e  highway. S c h u l l  sugges ted  t h a t  i f  "L" 
i s  t h e  f r a c t i o n  of  t o t a l  volume made up from c o n s t r a i n e d  
v e h i c l e s  and ( 1 - L )  is  t h e  f r a c t i o n  of t o t a l  of volume made 
up of f ree- f lowing  v e h i c l e s ,  
~ 1 , 2  = L exp ( -  (t-E) / ( t l - ~ )  + ( l - ~ )  exp ( - t / t 2 )  
i n  which 
P1,2 = P r o b a b i l i t y  of a r r i v a l  from a composite 
d i s t r i b u t i o n  of r e s t r a i n e d  and u n r e s t r a i n e d ;  
tl = average  t i m e  spac ing  of r e s t r a i n e d  v e h i c l e s .  
t 2  =. average  t i m e  spac ing  of u n r e s t r a i n e d  v e h i c l e s .  
E = t h e  minimum t i m e  headway between fo l lowing  
v e h i c l e s .  
S a l t e r  ( 49) i n v e s t i g a t e d  t h e  parameters  of S c h u l l ' s  
formula and a r e g r e s s i o n  a n a l y s i s  has  been c a r r i e d  o u t  t o  
o b t a i n  r e l a t i o n s h i p s  between t h e  t r a f f i c  volume and L ,  t l ,  t 2 .  
I n  t h e  s tudy  t h r e e  t y p e s  of highways w e r e  inc luded  and t h e  
r e l a t i o n s h i p s  between t r a f f i c  volume and t h e  p r o p o r t i o n  of 
r e s t r a i n e d  v e h i c l e s  L w e r e  i n v e s t i g a t e d  by:- 
2.2 - Spacinq and headway characteristics. 
The distance between successive vehicles travelling 
in the same direction on a highway and the interval of time 
between arrival of successive vehicles at a fixed point rep- 
resent fundamental parameters in the study of the traffic 
flow. 
Capacity studies of intersections, weaving areas, 
ramps and other analyses of roadway characteristics, have 
required the investigation of spacing and headway characteri- 
stics. Vehicular spacing also has its application in pre- 
dicting arrival rate at a point, testing the randomness of 
traffic flow and estimating gaps and delays at vehicular and 
pedestrian crossings. Because the inverse of the mean time 
headway is the rate of flow, headways have been described as 
one of the fundamental building blocks of traffic flow. 
When the traffic flow reaches its maximum value then the 
time headway reaches its minimum value and under very heavily 
trafficked conditions, all vehicles are travelling at uniform 
headways as they follow each other along the carriageway. 
There are several probablistic models which rep- 
resent the distribution of the arrival time intervals. 
The most widely used are the negative exponential distribu- 
tion, the shifted exponential distribution and the double 
exponential distribution. 
a - a l i n e a r  r e l a t i o n s h i p  w i t h  t h e  p r o p o r t i o n  of 
r e s t r a i n e d  d r i v e r s  as t h e  dependent v a r i a b l e  
b - a n  e x p o n e n t i a l  r e l a t i o n s h i p  of t h e  form 
L = 1 - ( e x p  (A-B Volume) ) / 100 
The fo l lowing  r e l a t i o n s h i p s  were obtained:-  
( A )  one-way highways wi th  two t r a f f i c  l a n e s  
a - L = 0.00158. Volume - 1.04222 
1295 > Volume>660 
R = 0.41 
b - L = 1 - (exp(6.95042 - 0.00321.Volume) ) / 100 
Volume<730 
R = 0.37 
(B) two l a n e  two-way highways 
a - L = 0.00146. V o l u m e  - 0.52985 
790>Volume>380 
b - L = 1 - (exp(5.56093 - 0.00238.Volume) 1 / 100 
Volume>400 
(C) two l a n e  two-way highways approximately  + m i l e  
downstream of t r a f f i c  c o n t r o l  s i g n a l s .  
a - L = 0.00122. Volume - 0.71324 
102 0 >Volume >58 0 
b - L = 1 - (exp(5.80784 - 0.001900.Volume) ) / 1 0 0  
For each  type  of highway t h e  r e l a t i o n s h i p  between 
t r a f f i c  volume and t h e  mean headway of r e s t r a i n e d  v e h i c l e s  
was ob ta ined :  
Type A highway 2.51 sec 
I1 B 11 2.52 sec 
It C 2.58 s e c  
Gerlough ( 5 0 )  sugges ted  t h a t  when v e h i c l e s  w e r e  
f lowing  i n  p l a t o o n s  o r  were r e s t r a i n e d  s o  t h a t  t h e y  could  
no t  pas s  a t  w i l l ,  t h e n  t h e  p r o b a b i l i t y  of  a gap between 
s u c c e s s i v e  v e h i c l e s  of less t h a n  ( T I  i s  zero .  Th i s  
phenomenon may be r e p r e s e n t e d  by a n  e x p o n e n t i a l  curve  
s h i f t e d  t o  t h e  r i g h t  by an  amount ( T I  o r ,  
P ( t )  = 1 - e x p ( - ( t - T )  / ( E - T )  ) 
s o l v i n g  f o r  t g i v e s  
t = T - ( E - T )  loge (1-P) 
where 
t = t i m e  headway 
T = t h e  minimum headway 
(1-P) = t h e  random number f r a c t i o n  
E = t h e  mean t i m e  headway 
Kimber, McDonald and Hounsel l  ( 5 1 )  i n d i c a t e d  t h a t  
t h e  t ype  of headway d i s t r i b u t i o n  c h a r a c t e r i z i n g  t h e  d e p a r t u r e  
p roces s  should  be noted f i r s t .  They showed t y p i c a l  d i s t r i -  
b u t i o n  f o r  l i g h t  and heavy v e h i c l e s  headways shown i n  f i g u r e  
( 2 . 2 . - 1 ) .  Normal and l o g  normal d i s t r i b u t i o n s  w e r e  super-  
imposed wi th  means and v a r i a n c e s  e q u a l  t o  t h o s e  of t h e  
samples. The normal d i s t r i b u t i o n s  w e r e  assumed f o r  t h e i r  
r e s e a r c h  f o r  convenience.  
- - Normal airtrlautlm - Lognormal Jlrtrlbut~on 
LIGHT VEHICLES HEAVY VEHICLES 
Figure 2.2.1 - Typica l  headway distributions 
for light and heavy v e h i c l e s .  
(Reproduced from r e f e r e n c e  No.51) 
Mean hebuwav - 4.39 uc 
Starnard dtvla~lor, - 1.41 see 
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2.3  - Saturation flow cr i ter ia  
2.3.1 - Definition and notation. 
It  is  a well-known phonomenon t h a t  when ' t h e  
t r a f f i c  s i g n a l s  t u r n  green  on a n  approach g a i n i n g  r i g h t  of  
way, t h e  f l ow a c r o s s  t h e  s t o p  l i n e  q u i c k l y  r e a c h e s  a maxi- 
mum s t e a d y  v a l u e ,  t h e  s a t u r a t i o n  f low,S,  of t h e  approach 
being expressed  as e q u i v a l e n t  passenger  cars. F igu re  
(2.3.1-1) shows, i n  i d e a l i z e d  form, t h e  v a r i a t i o n  of t h e  
f low of v e h i c l e s  a c r o s s  t h e  s t o p  l i n e  of a t r a f f i c  s i g n a l  
approach f o r  which t h e  queue w a i t i n g  on t h e  approach does  
no t  c l e a r  by t h e  end of t h e  g reen  pe r iod .  The f low remains  
a t  about  t h e  s t e a d y  average  va lue  u n t i l  t h e  s i g n a l  changes 
t o  amber, when it f a l l s  t o  ze ro  d u r i n g  t h i s  pe r iod .  The 
h e i g h t  of t h e  r e c t a n g l e  i s  known as t h e  s a t u r a t i o n  f low.  
The f low is o f t e n  found t o  remain a t  t h i s  va lue  u n t i l  
e i t h e r  t h e  queue of v e h i c l e s  w a i t i n g  t o  p a s s  th rough  t h e  
approach i s  exhausted o r  t h e  l i g h t s  change t o  amber, which 
e v e r  occu r s  sooner .  
Where t r a f f i c  s i g n a l s  a r e  used t o  c o n t r o l  a busy 
i n t e r s e c t i o n  f o r  r e a s o n s  of s a f e t y  and e f f i c i e n c y ,  it i s  
impor tan t  t h a t  each  road i s  g iven  a s u i t a b l e  s h a r e  of g reen  
t i m e .  I f  t h i s  i s  n o t  ach ieved  then  one o r  more approach 
may expe r i ence  e x c e s s i v e  d e l a y  and d r i v e r s  w i l l  become 
delayed and f r u s t r a t e d .  
The d e s i g n  of i n t e r s e c t i o n s  and s e t t i n g  of 
Lost  Los t  
Green 
F i g u r e  2.3.1-1 A t y p i c a l  example of s i g n a l  a s p e c t  showing t h e  
v a r i a t i o n  of average  d i s c h a r g e  r a t e  du r ing  a 
f u l l y  s a t u r a t e d  green  pe r iod .  
s i g n a l s  i s  based l a r g e l y  on t h e  volume of t r a f f i c  involved  
and t h e  need t o  s a f e l y  s e p a r a t e  t h e  major c o n f l i c t i n g  move- 
ments i n  t i m e .  
A key f a c t o r  i n  t h e  d e t e r m i n a t i o n  of  optimum lay-  
o u t s  and s i g n a l  s e t t i n g s  i s  t h e  maximum f low t h a t  can be 
accommodated by each arm o r  phase  a t  t h e  i n t e r s e c t i o n .  
This  maximum f low o r  ' s a t u r a t i o n  f l o w ' ,  can be measured 
d i r e c t l y  i n  some s i t u a t i o n s  when t h e  i n t e r s e c t i o n  a l r e a d y  
e x i s t s ,  o r  more commonly, it h a s  t o  be e s t i m a t e d  from rela- 
t i o n s h i p s  based on geomet r ic  and o t h e r  c h a r a c t e r i s t i c s  of 
t h e  si te.  Thus i n  o r d e r  t o  a l l o c a t e  green t i m e  e f f i c i e n t l y ,  
it is  neces sa ry  t o  be a b l e  t o  condense t h e  road wid ths  and 
v e h i c l e  t ype  f lows  i n t o  a s i n g l e  measure - t h e  degree  of 
s a t u r a t i o n ,  by which approaches  can be d i r e c t l y  compared and 
t h e i r  needs balanced.  
2.3-2 - E f f e c t i v e  green t h e ,  
The " e f f e c t i v e  g reen  t ime" i s  t h e  green  t i m e ,  G ,  
minus t h e  t i m e  los t  a t  t h e  beginning of g reen  when v e h i c l e s  
are s t i l l  a c c e l e r a t i n g ,  p l u s  t h e  t i m e  gained by v e h i c l e s  
making use  of t h e  amber pe r iod .  
where 
G = e f f e c t i v e  g reen  t i m e  
e 
G = t h e  green  t i m e  
Al = t i m e  l o s t  a t  t h e  beginning of t h e  green  
t i m e  
A 2  = t i m e  ga ined  by v e h i c l e s  making use  of  
amber p e r i o d  
see f i g u r e  (2 .3 .2 -2 )  
The a r e a  under t h e  curve  i n  f i g u r e  ( 2 . 3 . 2 - 1 )  
r e p r e s e n t s  t h e  number of v e h i c l e s  d i scha rged  d u r i n g  t h e  
pe r iod  as mentioned b e f o r e  and,  i f  t h i s  number is  d iv ided  
by t h e  s a t u r a t i o n  f low,  t h e  r e s u l t i n g  va lue  i s  t h e  e f f e c t i v e  
green  t i m e .  Th is  i s  obv ious ly  less t h a n  t h e  green  t i m e  
p l u s  amber t i m e ,  i .e .  t h e  area under  t h e  curve has  been re- 
p laced  by a r e c t a n g l e  of e q u a l  area, assuming t h e  t o t a l  
passage of v e h i c l e s  remains t h e  same b u t  t h a t  t h e y  f low a t  
a  c o n s t a n t  rate  du r ing  t h e  e f f e c t i v e  green  pe r iod .  
Rate Deparrre 
S a t u r a t i o n  
f low 
.Amber Red 
Figure 2.3.2-1 Parameters  of t h e  T r a f f i c  S i g n a l  Depar ture  P roces s  
and D e f i n i t i o n  of Green S t a r t  Lag,A1, and Green End Lag+ 
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F i g u r e  2.3.2-2 Showing sequence of s t a g e s  and r e p r e s e n t a t i o n  
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The " l o s t  t i m e " ,  L ,  between two success ive  s t a g e s  
is  def ined  a s  t h e  t i m e  between t h e  end of t h e  e f f e c t i v e  
green time of t h e  l a s t  approach l o s i n g  r i g h t  of way and t h e  
s t a r t  of t h e  e f f e c t i v e  green t i m e  of t h e  f i r s t  approach 
ga in ing  r i g h t  of way. This  t i m e  i s  known a s  t h e  " i n t e r -  
green" t i m e ,  " I " ,  ( i . e .  t h e  t i m e  from t h e  end of t h e  green 
per iod  of t h e  s t a g e  l o s i n g  r i g h t  of way t o  t h e  beginning of 
t h e  green per iod  ga in ing  r i g h t  of way), minus t h e  green end 
lag of t h e  l a s t  approach l o s i n g  r i g h t  of way, p l u s  t h e  green 
start  l a g  of t h e  f i r s t  approach ga in ing  r i g h t  of way, i . e .  
Allsop ( 3 2 )  has  def ined  t h e  e f f e c t i v e  green t i m e  
f o r  each s t a g e  i n  t h e  c y c l e  a s  t h e  t ime t h a t  i s  e f f e c t i v e l y  
green f o r . e v e r y  approach t h a t  has  r i g h t  of way i n  t h a t  s t a g e  
and t h e  l o s t  time fo l lowing each s t a g e  a s  t h e  t i m e  from t h e  
end of i t s  e f f e c t i v e  green per iod  t o  t h e  beginning of t h e  
e f f e c t i v e  green per iod  of t h e  next  s t a g e .  Figure 2.3.2-2 
i l l u s t r a t e s  t h e  concepts of e f f e c t i v e  green t ime f o r  a  s t a g e  
and t h e  l o s t  time fol lowing each s t a g e  f o r  a simple cross-  
roads wi th  two s t a g e s .  
Although t h e  l eng th  of l o s t  t i m e s  va r i ed  between 
sites, Allsop noted t h a t  t h e  range of t h i s  v a r i a t i o n  was 
only between 2 .9  t o  3.5 seconds. The mean green end l a g  
of 3.36 found by M i l l e r  (52) w a s  very c l o s e  t o  t h e  mean 
length  of l o s t  time of 3.16 secs. 
2.3.3 - Approach width and saturation flow relations hi^. 
The r e l a t i o n s h i p  between s a t u r a t i o n  f low and 
approach width  was e s t a b l i s h e d  by Webster a t  t h e  T r a n s p o r t  
and Road Research Labora tory  d u r i n g  t h e  mid 1950s and w a s  
pub l i shed  i n  1958 ( 5 3 ) .  Observa t ions  of  t r a f f i c  f low were 
made by t h e  T ranspor t  and Road Research Labora tory  a t  abou t  
100 s i g n a l - c o n t r o l l e d  junc t ions  mainly  i n  t h e  London area 
and o t h e r  l o c a t i o n s  i n  o t h e r  l a r g e  c i t ies  ( 2 5 1 ,  supplemented 
by c o n t r o l l e d  exper iments  a t  t h e  T ranspor t  and Road Research 
Laboratory t e s t  t r a c k .  T h e i r  t r a f f i c  exper iments  were 
c a r r i e d  o u t  u s ing  d i f f e r e n t  approach wid ths ,  up t o  a maximum 
of 6 0 f t  (18.3m), and va ry ing  arrangements  of v e h i c l e  width  
i n  t h e  "queue". The r e s u l t s  have shown t h a t  t h e  s a t u r a t i o n  
f l o w s ,  S ,  exp res sed  i n  pas senge r  c a r  u n i t s  p e r  hour  w i t h  no 
parked v e h i c l e s  is  g iven  by; 
S = 525 W p.c.u/h (w>5m) 
( f o r  v a l u e s  of W between 5.5-18m) 
which i s  known as t h e  Webster formula  f o r  t h e  s a t u r a t i o n  
f low,  S,  for t h e  whole s t o p  l i n e ,  where W i s  t h e  width  of 
t h e  approach i n  meters .  For approach wid th  less than  
5 meters  t h e  cor responding  s a t u r a t i o n  f low can be e s t i m a t e d  
from t h e  fol lowing:-  
Approach width  W ( m )  3.00 3.50 4.00 4.50 5.00 
............................................................ 
S a t u r a t i o n  f low S pcu/h 1840 1885 1960 2210 2575 
Branston ( 5 4 )  i n v e s t i g a t e d  t h e  c r i t e r i o n  of  
s a t u r a t i o n  f low w i t h  t o t a l  e f f e c t i v e  wid th  a t  f o u r  s i tes  and 
a t  a l l  t i m e s  of day.  The r e s u l t s  were compared w i t h  t h e  
v a l u e s  recommended by Webster and Cobbe f o r  s i tes  c l a s s i f i e d  
as "good", "averagew and "poor" .  F igure  (2.3.3-1) shows 
t h e  e s t i m a t e d  s a t u r a t i o n  f lows  t e n d  t o  be between t h e  v a l u e s  
recommended f o r  d i f f e r e n t  c a t e g o r i e s  of s i tes .  For  s i n g l e -  
s i t e s  t h e  e s t i m a t e d  s a t u r a t i o n  f lows  were mos t ly  below 
"average" ,  w h i l s t  t h o s e  f o r  two-lane si tes were s l i g h t l y  
above average .  For t h i s  r ea son  a l t e r n a t i v e  formulae  w e r e  
i n v e s t i g a t e d .  
S a t u r a t i o n  f low w a s  found by M i l l e r  ( 5 2 )  t o  i n -  
crease r a p i d l y  w i th  i n c r e a s i n g  l a n e  wid ths  f o r  l a n e s  up t o  
3.05m wide, bu t  t h a t  t h e r e a f t e r  l a n e  width  had l i t t l e  e f f e c t .  
The v a r i a t i o n  of  s a t u r a t i o n  f low "S" w i t h  l a n e  width ,  "W" f o r  
t h e  s i tes  i n v e s t i g a t e d  by Branston i s  shown i n  f i g u r e  
(2 .3 .3-2) .  Three p a r a l l e l  s t r a i g h t  l i n e s  w e r e  sugges ted  t o  
g i v e  a good r e p r e s e n t a t i o n  of t h e  observed v a r i a t i o n  i n  s a t u -  
r a t i o n  f low a t  d i f f e r e n t  times of day. 
x Olf-peak, dry 
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Figure 2.3.3.1 - The v a r i a t i o n  of  s a t u r a t i o n  flow with 
o v e r a l l  e f f e c t i v e  wid th .  
(Reproduced from r e f e r e n c e  No.54) 
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Figure 2 . 3 . 3 . 2  - The v a r i a t i o n  of  s a t u r a t i o n  f l ow  p e r  
lane w i t h  l a n e  wid th .  (Reproduced from r e f e r e n c e  No.52) 
It w a s  found a l s o  t h a t  s a t u r a t i o n  f low dependence 
on l a n e  width  i s  much s t r o n g e r  t h a n  t h a t  found by Miller o r  
by Leong ( 5 5 ) ,  who found t h a t  l a n e  wid ths  i n  t h e  range  2.75m 
t o  3.5m had l i t t l e  e f f e c t  on s a t u r a t i o n  f low. 
The Transpor t  and Road Research Laboratory ( 5 6 )  
c a r r i e d  o u t  a f u l l  scale t r a f f i c  exper iment  t o  i n v e s t i g a t e  
t h e  performance of conven t iona l  and new t r a f f i c  s i g n a l  junc- 
t i o n s .  The r e l a t i o n s h i p  between s a t u r a t i o n  f l o w  p e r  l a n e ,  
S and l a n e  wid th ,  W , w a s  summarised by t h e  equa t ion :  
and t h e  s a t u r a t i o n  f low f o r  t h e  whole s t o p l i n e  was 
where n i s  t h e  number of l a n e s .  
The comparison of t h e i r  r e s u l t s  w i t h  t h a t  of 
Webster's could  be conducted s t r i c t l y  f o r  a given l a n e  wid th  
(i.e. f o r  W = 3.0m S = 597W) which w a s  q u i t e  c l o s e  t o  
Webs te r ' s  r e s u l t s .  
I t  was found also t h a t  t h e r e  w a s  no i n d i c a t i o n  
of any s u b s t a n t i a l  change i n  mean s a t u r a t i o n  f low v a l u e s  
over  t h e  l a s t  2 0  y e a r s  o r  so .  They suggested t h a t  t h e  
r ea son  f o r  t h a t  w a s  t h e  f a c t o r s  l i m i t i n g  t h e  s a t u r a t i o n  
f low were p r i m a r i l y  determined by d r i v e r  response  and d i d  
no t  depend on v e h i c l e  performance,  as t h e  la t ter  w a s  i m -  
proved d u r i n g  t h i s  pe r iod .  The o t h e r  r ea son  w a s  t h e  
e f f e c t  of  heavy v e h i c l e s  p r e s e n t  i n  t h e  t r a f f i c  system i n  
r e c e n t  yea r s .  
The Transpor t  and Road Research Laboratory 1986 
(57) l a t e s t  r e p o r t ,  sugges ted  t h a t  s a t u r a t i o n  f low f o r  a 
non-nearside l a n e  of ' ave rage '  wid th ,  3.2mf is  now around 
2080 PCU/h, some 1 5  p e r  c e n t  o r  s o  h i g h e r  t h a n  t h e  equiva-  
l e n t  impl ied  by Webs te r ' s  1966 v a l u e  of  around 1800 PCU/h. 
For n e a r s i d e  l a n e s ,  t h e  p r e s e n t  f i g u r e  i s  abou t  1940 PCU/h, 
a n  i n c r e a s e  of  some 8 p e r  c e n t  ove r  t h e  Webs te r ' s  f i g u r e .  
I t  was a l s o  sugges ted  t h a t  f o r  i n d i v i d u a l  l a n e s  
c o n t a i n i n g  s t r a i g h t - a h e a d  t r a f f i c ,  s a t u r a t i o n  f lows  are de- 
c r eased  by 2 p e r  c e n t  p e r  one p e r  c e n t  of g r a d i e n t  u p h i l l ,  
b u t  w e r e  una f f ec t ed  by downh i l l  g r a d i e n t .  They a r e  i n -  
c r eased  w i t h  l a n e  width  by 1 0 0  PCU/h p e r  meter of road wid th  
and were lower by 6 p e r  c e n t  i n  wet road  c o n d i t i o n s  t h a n  i n  
d ry .  I n  n e a r s i d e  l a n e s  t h e y  were lower by about  140 PCU/h 
t h a n  i n  o t h e r  l a n e s .  
The change i n  t h e  s a t u r a t i o n  f lows  p r e d i c t i o n  i s  
due t o  t h e  change of a  number of  t h i n g s  such as v e h i c l e  per -  
formance and road markings and l a y o u t  p r a c t i c e .  
2.3.4 - Methods of estimation of s a t u r a t i o n  f l o w ,  
S a t u r a t i o n  f low w a s  e s t i m a t e d  by t h e  T ranspor t  and 
Road Research Labora tory  i n  Road N o t e  3 4 ,  (1963)  (58 ) by 
r eco rd ing  t h e  number o f  v e h i c l e s  pas s ing  t h e  s t o p  l i n e  
d u r i n g  s u c c e s s i v e  s h o r t  i n t e r v a l s  of t i m e  when t h e  s i g n a l  
approach i s  s a t u r a t e d ,  i .e .  wh i l e  t h e r e  i s  a  queue of 
v e h i c l e s  w a i t i n g  t o  pas s  through.  Flows i n  i n t e r v a l s  which 
a r e  f r e e  from start  and end l a g  e f f e c t s  are averaged t o  g i v e  
a measure of s a t u r a t i o n  f low.  I n  t h i s  method s a t u r a t i o n  
f low i s  expressed  i n  v e h i c l e s  p e r  u n i t  t i m e  and does  n o t  
a l l ow PCU v a l u e s  of d i f f e r e n t  v e h i c l e  t y p e s  t o  be c a l c u l a t e d  
from observed d a t a .  
The headway method i s  t h e  a l t e r n a t i v e  t o  t h e  
count ing  method of t h e  TRRL. The i n t e r - a r r i v a l  t i m e s  of 
a l l  s a t u r a t e d  v e h i c l e s  are measured a t  t h e  s t o p  l i n e .  
The headways of  s u c c e s s i v e  s a t u r a t e d  v e h i c l e s  w e r e  found t o  
be c o n s t a n t  a f t e r  t h e  f i f t h  ( 5 9 )  o r  t h e  f o u r t h  (55) i n  l i n e .  
S a t u r a t i o n  f lows  a r e  c a l c u l a t e d  d i r e c t l y  i n  ~ C ~ s / u n i t  t i m e  
as  t h e  r e c i p r o c a l  o f  t h e  ave rage  headway o f  s a t u r a t e d  
s t r a i g h t - o n  passenger  cars. The PCU v a l u e s  of  d i f f e r e n t  
v e h i c l e  t y p e s  a r e  o b t a i n e d  by comparing t h e  headways of 
t h e s e  v e h i c l e  t y p e s  w i t h  t h o s e  of s t r a i g h t  ahead passenger  
c a r s .  
Miller ( 5 2 )  has  compared t h e  two methods and 
found t h a t  when s e v e r a l  v e h i c l e  t y p e s  were being recorded ,  
t h e  TRRL count ing  method r e q u i r e s  t o o  much in fo rma t ion  t o  
be w r i t t e n  down by o b s e r v e r s ,  s o  cassette r e c o r d e r s  were 
t h u s  used i n s t e a d  t o  r e c o r d  t h e  in format ion .  M i l l e r  a l s o  
found t h a t  i n  t h e  headway method, t h e  a n a l y s i s  p e r i o d  w a s  
ex t remely  long ,  and i t s  use  would n o t  be recommended f o r  
l a r g e  s c a l e  d a t a  c o l l e c t i o n .  
More r e c e n t l y  l a r g e  scale e m p i r i c a l  s t u d i e s  have 
been under taken t o  ex tend  and update  t h e  methods f o r  t h e  
p r e d i c t i o n  of s a t u r a t i o n  f lows  and l o s t  t i m e  a t  s i g n a l  
c o n t r o l l e d  i n t e r s e c t i o n s .  I n  a r e c e n t  s t u d y  (601, under- 
t aken  by t h e  c o n s u l t a n t s  Mar t in  and Voorhees A s s o c i a t e s  
(MV) f o r  t h e  T ranspor t  and Road Research Labora tory ,  
s a t u r a t i o n  f lows  w e r e  r ecorded  f o r  i n d i v i d u a l  l a n e s  a t  
some 37 si tes  through  t h e  U.K.  The t r a d i t i o n a l  6 seconds 
t i m e  i n t e r v a l s ,  v e h i c l e  count  t echn ique  as d e s c r i b e d  i n  
Road Note No. 3 4 ,  were used as  t h e  b a s i s  f o r  r e c o r d i n g  
f lows  d u r i n g  t h e  surveys .  The l a n e  c o n f i g u r a t i o n s  samples 
i n c l u d i n g  s t r a i g h t  ahead o n l y ,  l e f t  t u r n  o n l y ,  o r  r i g h t  
t u r n  on ly ,  (opposed and unopposed) movements. Re la t ion-  
s h i p s  w e r e  ob t a ined  us ing  r e g r e s s i o n  t echn iques  f o r  
p r e d i c t i o n  of s a t u r a t i o n  f low f o r  t h e s e  t u r n i n g  movements 
based on r e a d i l y  measurable parameters  such as  c u r v a t u r e  
and l a n e  p o s i t i o n .  
Branston and Van Zuylen ( 6 1 )  sugges ted  a 
method t o  e s t i m a t e  s a t u r a t i o n  f low us ing  m u l t i p l e  l i n e a r  
r e g r e s s i o n .  Green and amber t i m e  w a s  d i v i d e d  i n t o  t h r e e  
consecut ive  count ing  p e r i o d s ,  f i r s t ,  middle and l a s t ,  s e e  
Figure  (2 .3 .4-1) .  The end of  t h e  las t  count ing  p e r i o d  of 
f u l l y  s a t u r a t e d  c y c l e s  w a s  f i x e d  a t  t h e  change t o  an  amber 
l i g h t ,  b u t  t h e  ends  of t h e  f i r s t  and middle coun t ing  p e r i o d s  
might be chosen e i t h e r :  
i)  t o  correspond e x a c t l y  w i t h  t h e  i n s t a n t  of d e p a r t u r e  of  
a s p e c i f i e d  v e h i c l e ,  which was r e f e r r e d  t o  as 
"Synchronous" o r  
ii) as a n  a r b i t r a r y  p o i n t  i n  t i m e  which w a s  r e f e r r e d  t o  as  
"Asynchronous". 
Typ ica l  count ing  p e r i o d s  f o r  t h e  two methods of 
count ing  w e r e  superimposed on a n  i d e a l i s e d  model of  t h e  
d e p a r t u r e  p r o c e s s  as shown i n  f i g u r e  (2 .3 .4-2) .  The green  
s tar t  and end l a g s  impl ied  by synchronous method were n o t  
t h e  s a m e  as  t h o s e  impl ied  by t h e  asynchronous method. 
Van Zuylen developed t h e  f i r s t  method us ing  synchronous 
count ing.  A double  d i a l  s t o p  watch w a s  used by t h e  
obse rve r  who v a r i e d  t h e  number of  v e h i c l e s  i n  each count ing  
pe r iod  and recorded  t h e  number and t y p e s  of  v e h i c l e s  
d e p a r t i n g  i n  each p e r i o d  as  w e l l  as  t h e  s topp ing  t i m e s .  The 
f i r s t  count ing  p e r i o d s  beg in  a t  t h e  i n s t a n t  t h e  g reen  l i g h t  
shows and ends  a t  a  t i m e  when t h e  d e p a r t u r e  r a t e  i s  t h e  
s a t u r a t i o n  f low ( v e h i c l e s  d e p a r t i n g  be fo re  t h e  green  l i g h t  
are inc luded  i n  t h i s  p e r i o d ) ;  t h e  middle count ing  p e r i o d  
ends  a t  a t i m e  when t h e  d e p a r t u r e  r a t e  i s  s t i l l  t h e  s a t u r a -  
t i o n  f low and t h e  las t  coun t ing  pe r iod  ends  when t h e  amber 
l i g h t  shows ( v e h i c l e  d e p a r t u r e s  occu r ing  du r ing  amber and 
a f t e r  t h e  r e d  l i g h t  are inc luded  i n  t h i s  p e r i o d ) .  
S a t u r a t i o n  
f low 
Figure 2.3.4-1 D i v i s i o n  of t h e  green  t i m e  i n t o  f i r s t ,  middle 
and l a s t  coun t ing  pe r iods .  
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2.4 - Cur ren t  approach t o  the use o f  passenger car u n i t s  
2.4.1 - D e f i n i t i o n .  
The passenger  car u n i t  e q u i v a l e n t  of v e h i c l e  i s  
t h e  number of pas senge r  cars which would have t h e  s a m e  e f f e c t  
on c a p a c i t y  as  t h e  v e h i c l e  be ing  cons ide red  under t h e  g iven  
roadway c o n d i t i o n s .  PCU v a l u e s  r e p r e s e n t  t h e  e f f e c t s  of 
changes i n  t r a f f i c  composi t ion ( t h e  mix of c a r s ,  goods 
v e h i c l e s ,  buses ,  .... etc.)  on t h e  s a t u r a t i o n  f lows  a t  
t r a f f i c  s i g n a l s  a s  w e l l  a s  a t  o t h e r  roadway junc t ions .  
Each type  of  v e h i c l e  i n  t h e  t r a f f i c  s t ream i s  e q u i v a l e n t  t o  
a number of passenger  cars o r  p r i v a t e  cars i n  r e s p e c t  t o  i t s  
road-capac i ty  requi rements .  The c a p a c i t y  of a road i s  
t r a d i t i o n a l l y  expressed  as  t h e  maximum number of v e h i c l e  p e r  
u n i t  of t i m e  t h a t  can f low p a s t  a  p o i n t .  The u t i l i z a t i o n  
of a road can be exp res sed  as t h e  produc t  of f low and t i m e  
o r  veh ic le -hours .  One veh ic le -hour  of  u t i l i z a t i o n  could  be 
a s o l i t a r y  v e h i c l e  t r a v e l l i n g  f o r  one hour o r  a stream of  6 0  
v e h i c l e s  t r a v e l l i n g  f o r  one minute;  i n  both  c a s e s  t h e  p roduc t  
of f low and t i m e  i s  one and t h i s  i s  t h e  measure of t h e  u t i l i -  
z a t i o n  of t h a t  road.  PCU v a l u e s  are, by d e f i n i t i o n ,  
measured r e l a t i v e y t o  t h e  passenger  car as  t h e  base v e h i c l e .  
D i f f e r e n t  t y p e s  of v e h i c l e s ,  due t o  v a r i a t i o n  i n  t h e i r  per-  
formance, use  d i f f e r i n g  amounts of veh ic le -hours .  Heavy 
goods v e h i c l e s  fo r  example, which may be longe r  and s lower  
t h a n  t h e  average  v e h i c l e , r e q u i r e  a g r e a t e r  number of  v e h i c l e -  
hours  t o  make t h e  s a m e  t r i p  as  a p r i v a t e  c a r .  The in t roduc -  
t i o n  of a l a r g e r  o r  s lower  v e h i c l e  i n t o  a  stream of t r a f f i c  
a l s o  causes  o t h e r  v e h i c l e s  t o  slow down and use  e x t r a  v e h i c l e -  
hours.  
2.4.2 - Methods of C a l c u l a t i n g  PCU's. 
D i f f e r e n t  methods of e s t i m a t i n g  PCU1s v a l u e s  have 
been developed by many r e s e a r c h e r s  a t  d i f f e r e n t  highway 
i n t e r s e c t i o n s .  The main methods wide ly  used are t h e  
fol lowing- ;  
i )  Webs te r ' s  method. 
I n  a c o n t r o l l e d  " t r a c k "  exper iment  performed by 
Webster (1958)  (53), and Char lesworth  and Webster (1958)  
(621,  v e h i c l e s  w e r e  c l a s s i f i e d  as " l i g h t  ", which i n c l u d e  
cars, t a x i s  and l i g h t  commercial v e h i c l e s  and as "goods 
v e h i c l e s "  which inc luded  medium and heavy commercial 
v e h i c l e s  and some double  deck buses .  I n  t h e  v a r i o u s  
classes, t h e  numbers of v e h i c l e s  w e r e  a d j u s t e d  p r o g r e s s i v e l y  
th roughout  a cont inuous  test  s o  t h a t  t h e  percen tage  of goods 
v e h i c l e  ranged from 0 t o  100 p e r  c e n t .  
Vehic le  d e p a r t u r e s  were r e g i s t e r e d  a t  t h e  s t o p  
l i n e  u s ing  paper  t a p e  punches and employing event - record ing  
t echn iques .  The PCU va lue  of  a  goods v e h i c l e  w a s  determined 
by grouping d a t a  f o r  s u c c e s s i v e  sets of about  12  s i g n a l  
c y c l e s  and p l o t t i n g  f o r  each  set t h e  average  number of goods 
v e h i c l e s  p e r  c y c l e  
- 
n  a n  /N a g a i n s t  t h e  number of l i g h t  v e h i c l e s  
9 - g  
p e r  c y c l e  ii =zn / N ,  where n  and n  a r e  t h e  numbers of 
g  
d e p a r t i n g  goods v e h i c l e s  and l i g h t  v e h i c l e s  i n  i n d i v i d u a l  
c y c l e s  and N i n  t h e  number of c y c l e s  i n  t h e  set. There 
was ve ry  l i t t l e  s c a t t e r  and a  s t r a i g h t  l i n e  w a s  drawn 
- 
through Kg, n l  va lues  by eye. The PCU value was es t imated  
a s  - I/slope. 
ii) Car fol lowing method. 
The behaviour of a  s ing le - l ane  t r a f f i c  stream can 
be analysed by examining t h e  manner i n  which i n d i v i d u a l  
v e h i c l e s  fo l low one another  and form t h e  behaviour of p a i r s  
of veh ic les .  The passenger c a r  equ iva len t  of a  commercial 
v e h i c l e  may be determined by not ing  t h e  t i m e  headway between 
success ive  veh ic les  as they  c r o s s  t h e  s t o p  l i n e  a t  a  
s a t u r a t e d  t r a f f i c  s i g n a l  approach. The t r a f f i c  i s  con- 
f i n e d  t o  a  s i n g l e  l ane  and a l l  v e h i c l e s  cont inue s t r a i g h t  
a c r o s s  t h e  i n t e r s e c t i o n .  The observed headways a r e  then  
c l a s s i f i e d  i n t o  t h e  following:- 
(1) Passenger c a r  fo l lowing passenger c a r  
( 2 Passenger c a r  fol lowing commercial veh ic le  
( 3 )  Commercial veh ic le  fol lowing a  passenger c a r  
( 4 )  Commercial veh ic le  fol lowing a  commercial v e h i c l e  
By d iv id ing  t h e  mean headway f o r  a  commercial v e h i c l e  
fol lowing a  commercial v e h i c l e  by t h e  mean headway f o r  a 
passenger c a r  fol lowing a  passenger c a r  t h e  PCU f o r  a  
commercial veh ic le  can be found. This s ta tement  i s  only  
t r u e  i f  t h e  e f f e c t  of a  commercial veh ic le  i s  independent 
of whether t h e  v e h i c l e s  preceding it and fol lowing a r e  
l i g h t  o r  heavy. One cond i t ion  should be met t o o  before  
t h e  PCU f o r  a commercial v e h i c l e  could be determined;  
t h a t  t h e  sum o f  t h e  ave rage  headways f o r  a passenger  car 
fo l lowing  a passenger  c a r  and a commercial v e h i c l e  fo l lowing  a 
commercial v e h i c l e  is  e q u a l  t o  t h e  sum of  t h e  average  head- 
ways f o r  a passenger  c a r  fo l lowing  a commercial v e h i c l e  
and a commercial v e h i c l e  fo l lowing  a passenger  car. With- 
o u t  t h i s  c o n d i t i o n ,  c o r r e c t e d  v a l u e s  of  t h e  mean headways 
can be c a l c u l a t e d  as fol lows:-  
Cor rec ted  v a l u e  of mean headway f o r  a passenger  c a r  
fo l lowing  a passenger  car = Uncorrected va lue  ( w )  - 
correct ion/number  of headways of  t h i s  t ype  ( a ) .  
Cor rec ted  v a l u e  of mean headway f o r  a passenger  car 
fo l lowing  a commercial v e h i c l e  = Uncorrected v a l u e  (x) + 
correct ion/number  o f  headways of t h i s  t ype  (b). 
Correc ted  va lue  of mean headway f o r  a commercial v e h i c l e  
fo l lowing  a passenger  car = Uncorrected va lue  ( y )  + co r rec -  
tion/number of  headways f o r  t h i s  t ype  ( c ) .  
Correc ted  va lue  of mean headway f o r  a commercial v e h i c l e  
fo l lowing  a commercial v e h i c l e  = Uncorrected va lue  (2) - 
correction/number of  headways of t h i s  t ype  ( d l .  
where . 
C o r r e c t i o n  -= abcd (w-x-y+z) ....... 2 . 4 . 2 - 1  bcd+acd+abd+abc 
I n  a c o n t r o l l e d  exper iment  c a r r i e d  o u t  by t h e  
T ranspor t  and Road Research Laboratory,  u s ing  t h e  c a r  
fo l lowing  method, Scraggs  (,63), found t h a t  f o r  a 
3.05m approach width  a t  t r a f f i c  s i g n a l s ,  t h e  passenger  
car e q u i v a l e n t  of heavy v e h i c l e s  w a s  1 .47,  and f o r  3.65m 
approach wid th  a v a l u e  of  1.68 w a s  ob t a ined .  
iii) Regress ion  methods. 
The two c a t e g o r i e s  used i n  t h e  r e g r e s s i o n  
methods by Holroyd (64 1, Branston and Van Zuylen - (61 ) ,  
Branston and Gipps ( 6 5 )  and Kimber e t  a1 (511,  were t h e  
count ing  methods termed "Synchronous" and "Asynchronoustt 
which were mentioned i n  paragraph ( 2 . 3 . 4 ) .  I n  t h e  syn- 
chronous method, t h e  number r) of v e h i c l e s  d e p a r t u r e s  of i 
each  class i a r e  recorded  o v e r  t i m e  pe r iod  t ,  beginning 
and ending w i t h  t h e  d e p a r t u r e  of  a v e h i c l e  ( t h e  f i r s t  
v e h i c l e  d e p a r t i n g  was excluded from n s o  t h a t  t conta ined  i 
n headways),  "and t" w a s  r e g r e s s e d  on t h e  ni t o  o b t a i n  es t i -  i 
mates a of t h e  c o e f f i c i e n t s  f l i  i n  t h e  l i n e a r  model: i 
where C i s  a n  e r r o r  term. 
The r e g r e s s i o n  p l ane  w a s  c o n s t r a i n e d  t o  i n c l u d e  
t h e  o r i g i n , a n d  t h e  count ing  p e r i o d  w a s  chosen t o  exc lude  
s t a r t  and end e f f e c t s  ( l o s t  t i m e  e ~ f e c t s ) .  The co- 
e f f i c i e n t  qi of  t h e  e q u a t i o n  above,  r e p r e s e n t s  t h e  popula- 
t i o n  mean headway of v e h i c l e s  of t h e  class i f  t h u s  i f  
i = 1 deno te s  passenger  cars, a (  estimates t h e  mean c a r  
headway. Es t ima te s  of t h e  PCU v a l u e s  could  be ob ta ined  
from t h e  r a t i o  e ;./at . 
I n  t h e  asynchronous count ing  method t h e  v e h i c l e  
d e p a r t u r e s  w e r e  r ecorded  ove r  p e r i o d s  T ,  which beg in  and 
end a t  a r b i t r a r y  i n s t a n t s .  Then t h e  number of pas senge r  
c a r s  n (  w a s  r e g r e s s e d  on T and on t h e  number of v e h i c l e s  
n  (i  # 1) of o t h e r  classes i t o  o b t a i n  estimates bo, bi i 
of t h e  c o e f f i c i e n t s  Po, Bi i n  t h e  model: 
where@ andp.  r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  s a t u r a t i o n  f low 
0 1 
i n  PCU p e r  u n i t  t i m e  and t h e  PCU va lue  of v e h i c l e s  of 
class i. Equat ions  of t h i s  t ype  were d i s c u s s e d  by 
Branston and Gipps ( 6 5 )  who have i n v e s t i g a t e d  t h e  e f f e c t s  
of non-constant  v a r i a n c e  i n  t h e  coun t s  w i th  r e s p e c t  t o  
t i m e .  They have demonstra ted t h a t  c o n s t a n t  va r i ance  can 
be ach ieved  i n  e r r o r  t e r m  by weight ing  by 1 / 6  
Thus 
The sampling v a r i a n c e s  of  t h e  e s t i m a t e s  of t h e  
c o e f f i c i e n t s  were reduced by us ing  t h i s  model. Al te rna-  
t i v e l y ,  t h e  d a t a  could be subdivided s o  as t o  g i v e  t h e  
numbers of v e h i c l e  d e p a r t u r e s  i n  t i m e  i n t e r v a l s  of e q u a l  
d u r a t i o n  t ,  t h e n  a s imp le r  model could be used i n  which 
t h e  q u e s t i o n  of non-constant  v a r i a n c e  w i t h  r e s p e c t  t o  
t i m e  does  no t  arise: 
np w a s  r e g r e s s e d  on n t o  o b t a i n  estimates b i ,  b; of p" i o 
and p'!, which r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  s a t u r a t i o n  
f low i n  t i m e  t and t h e  PCU va lue  of v e h i c l e s  of class i. 
i v )  S imula t ion  method. 
Kimber, McDonald and Hounsel l  (511,  have 
c a r r i e d  o u t  a r e s e a r c h  us ing  s i m u l a t i o n  model based on 
synchronous and asynchronous v e h i c l e  counts  u s ing  t h e  reg-  
r e s s i o n  a n a l y s i s  method i n  an  a t tempt  t o  o b t a i n  PCU 
v a l u e s  i n  s a t u r a t i o n  f lows  a t  t r a f f i c  s i g n a l  j unc t ions .  
The r e l a t i o n s h i p  between t h e  v a r i o u s  methods of PCU 
d e r i v a t i o n  used p r e v i o u s l y  by Webs te r ' s  method and head- 
way r a t i o n  methods w e r e  found t o  a g r e e  as long  as t h e r e  . 
w a s  v a r i a b i l i t y  i n  t h e  headways of  v e h i c l e s  of  a g iven  
class (e .g .  i n  ca r - to -car  headways). The s i m u l a t i o n  
was c a r r i e d  o u t  based on  t h e  f o u r  e q u a t i o n s  pre-  
v i o u s l y  mentioned i n  t h e  Regress ion  methods. Although 
s a t u r a t i o n  f lows  ( i n  pcus/h)  v a r i e d  from s i t e  t o  s i t e  
where d a t a  c o l l e c t i o n  was des igned  t o  i n c l u d e  d i f f e r e n t  
geomet r ic  l a y o u t s  of s i t e s  chosen i n  t h e  s tudy ,  t h e  pcu 
va lues  w e r e  found t o  be r e l a t i v e l y  s t a b l e .  
Table  ( 2 . 4 . 2 - 1 )  summarizes t h e  mean PCU v a l u e s  
ove r  all sites and t h e  s t a n d a r d  e r r o r s  of  t h e s e  means 
a r i s i n g  o u t  of t o t a l  s i t e - t o - s i t e  v a r i a t i o n .  
Table 2.4.2-1 Mean PCU v a l u e s  acco rd ing  t o  r e g r e s s i o n  
and headway r a t i o  method. 






PCU v a l u e s  
s t a n d a r d  e r r o r s  are g iven  i n  b r a c k e t s  
Method of 
d e r i v a t i o n  Medium goods Heavy goods Buses 
v e h i c l e  v e h i c l e  
Asynchronous 
r e g r e s s i o n  
t = 6 seconds 1.10 (0.02) 1.60 (0.05) 1.33 (0.04) 
t = 12 seconds 1.19 (0.04) 1.79 (0.07) 1.40 (0.09) 
t = 18 seconds 1.22 (0.04) 1.80 (0.10) 1.31 (0.10) 
Headway r a t io  
method 1.53 (0.05) 2.29 (0.14) 1.87 (0.10) 
Asynchronous 
r e g r e s s i o n  
t = 6 seconds 1.18 (0.05) 1.54 (0.11) 1.38 (0.12) 
t = 12 seconds 1.32 (0.07) 1.75 (0.20) 1.53 (0.15) 
t = 18 seconds 1.24 (0.13) 1.73 (0.15) 1.63 (0.19) 
Synchronous 
r e g r e s s i o n  1.50 (0.07) 2.38 (0.18) 2.03 (0.16) 
A macroscopic t r a f f i c  s i m u l a t i o n  model was used 
i n  a  r e s e a r c h  by K e l l e r ,  1984 ( 6 6 )  and Sak la s ,  1982 
(67), on an  urban network. Th i s  w a s  used t o  d e r i v e  
2assenger  car e q u i v a l e n t s  e s t i m a t e s  f o r  l a r g e  v e h i c l e s  a s  
a f u n c t i o n  of v e h i c l e  s i z e ,  s i g n a l  t im ing  and t r a f f i c  
volumes. The s i m u l a t i o n  model c a l l e d  TRANSYT/JN i s  r e f e r r e d  
t o  a s  TRANSYT i n  t h e  t e x t .  TRANSYT s i m u l a t e s  a t r a f f i c  
stream r a t h e r  t h a n  i n d i v i d u a l  v e h i c l e  movements, a s  i n  
microscopic  s imu la t ion  models. The program a l s o  u s e s  seven 
v i s u a l  v e h i c l e  c l a s s i f i c a t i o n  t y p e s ,  s i x  d i f f e r e n t  l e v e l s  of 
s e r v i c e ,  and t h r e e  t y p e s  of s i g n a l  s e t t i n g s .  
Three primary i n p u t s  w e r e  used i n  t h i s  e s t i m a t i o n  
of t o t a l  t r a v e l  t i m e s  from which t h e  PCE v a l u e s  f o r  d i f f e r e n t  
classes of v e h i c l e s  were ob ta ined .  They were uniform de l ay ,  
random d e l a y  and running  t i m e .  Where uniform d e l a y  i s  
de f ined  a s  t h e  e n t i r e  amount of  t i m e  s p e n t  by a v e h i c l e  n o t  
t r a v e l l i n g  a t  t h e  f r e e  speed,  which is  computed by TRANSYT 
us ing  
i n  which du = uniform d e l a y  i n  veh-sec/cycle ;  C = c y c l e  
l e n g t h  i n  seconds;  m = queue l e n g t h  d u r i n g  i n t e r v a l  t t 
i n  v e h i c l e s ;  and N = number of  s t e p s  i n  t h e  c y c l e .  
Using  t i m e  headways be tween  d i f f e r e n t  v e h i c l e s  
a n d  t h e  b a s e  v e h i c l e ,  t h e  w e i g h t i n g  f a c t o r  f o r  a d j u s t i n g  
u n i f o r m  d e l a y  f o r  d i f f e r e n t  v e h i c l e  c h a r a c t e r i s t i c s  were 
o b t a i n e d .  T a b l e  (2 .4 .2-2)  g i v e s  t h e s e  f a c t o r s .  
T a b l e  2.4.2-2 W e i g h t i n g  F a c t o r s  f o r  Uniform Delay .  









* SU = S i n g l e  u n i t ;  A x  = A x l e ;  S  = t r u c k s  c o m b i n a t i o n s .  
(Reproduced  f rom r e f e r e n c e  No.66) 
> 
Leng th  V e l o c i t y  Time headway Wdu 
f t  ( m )  m / s e c  sec 
1 7  ( 5 . 1 8 )  14 .30  2.362 1 . 0 0  
37 ( 1 1 . 2 8 )  12 .53  2.900 1 . 2 2 8  
24 ( 7 . 3 2 )  1 2 . 9 5  2.565 1 .086  
29 ( 8 . 8 4 )  12 .10  2.732 1 .157  
35 ( 1 0 . 6 7 )  1 2 . 9 5  2.824 1 .196  
4 3 ( 1 3 . 1 1 )  12 .95  3.012 1 .275  
52 ( 1 5 . 8 5 )  12 .62  3.265 1 .382  
The second  i n p u t  w a s  t h e  random d e l a y  which  c o u l d  
be e x p r e s s e d  as  
i n  which  d r  = random d e l a y  i n  v e h i c l e - s e c / c y c l e ;  q = t r a f f i c  
f l o w  i n  v e h / s e c / c y c l e ;  S  = s a t u r a t i o n  f l o w  rate i n  veh/  
sec o f  g r e e n ;  a n d  T = s i m u l a t i o n  t i m e - l e n g t h  o f  t i m e  f o r  
which  s t a t e d  ne twork  t r a f f i c  c o n d i t i o n s  e x i s t  i n  m i n u t e s .  
Weighting f a c t o r s  were developed t o  r e f l e c t  t h e  e f f e c t  of 
v e h i c l e  performance on random d e l a y  which i s  summarized 
i n  t a b l e  (2 .4 .2-3) .  
Table  2.4.2-3 Weighting F a c t o r s  f o r  Random Delay. 
(Reproduced from r e f e r e n c e  No.66) 
h 
Vehicle  








The t h i r d  i n p u t  was t h e  t r a v e l  t i m e  f o r  t h e  un- 
c o n s t r a i n e d  f low on each l i n k  i . e  t h e  f low t h a t  i s  f r e e  
of any v e h i c l e  i n t e r a c t i o n .  Table  (2.4.2-4) p r e s e n t s  t h e  
mean v a l u e s  of t h e  c h a r a c t e r i s t i c s  of each  v e h i c l e  t ype  and 
Length Maximum a c c e l e r a t i o n  Wdr 
f t  ( m )  
17 (5 .18)  6.6 1 .00 
37 (11 .28)  5.9 1.229 
34 (7 .32)  5.7 1.140 
29 (8 .84)  4 .4  1.348 
35 (10.67)  4.7 1.359 
4 3  (13.11)  4 . 1  1 .531 
52 (15.85)  4 . 1  1.612 
t h e  r e s p e c t i v e  computed l i n k  t r a v e l  t i m e s .  
Table  2.4.2-4 Link T r a v e l  Times by Veh ic l e  Type. 
(Reproduced from r e f e r e n c e  No.66) 
Veh ic l e  








The PCE v a l u e s  were c a l c u l a t e d  o v e r  a wide 
r ange  of  f l ow  rates t o  app rox ima te ly  s i m u l a t e  l e v e l s  o f  
s e r v i c e  from A t o  F. Two d i f f e r e n t  sets of  v a l u e s  were 
used f o r  t h e  pe rcen t age  of each  v e h i c l e  t y p e  i n  t h e  
t r a f f i c  s t r eam shown i n  t a b l e  (2 .4 .2-5) .  
Veh ic l e  l e n g t h  T r a v e l  t i m e  
ft ( m )  sec. 
17  (5 .18 )  35 
37 (11 .28)  40 
2 4  ( 7 . 3 2 )  39 
29 (8 .84 )  42 
35 (10 .67)  40 
43 (13.11)  40 
52 (15 .85)  4 2  
Table  2.4.2-5 Composition of Typ ica l  Vehicle  Mix. 
(Reproduced from r e f e r e n c e  No.66) 









R e c r e a t i o n a l  v e h i c l e  
( n o t  u sed )  
- 
- 
The computer s i m u l a t i o n  o u t p u t  and t h e  computed 
d e l a y  weight ing  f a c t o r s  p rov ided  a l l  t h e  i n fo rma t ion  neces- 
s a r y  t o  compute PCE va lues .  
$ 
Percen tage  i n  v e h i c l e  mix 
Peak o f f  -peak 
89 .0  83.9 
0.9 1 . 3  
2.7 4.0 




0.7 1 .0  
The PCE v a l u e s  for each  v e h i c l e  t ype  K a r e  g iven  
K i n  which PCE = t h e  PCE va lue  of t h e  given v e h i c l e  t ype  K 
T T ~  = t h e  t o t a l  t r a v e l  t i m e  of  v e h i c l e  t ype  K 
over  t h e  network, i n  hour s ;  and 
T T ~  = t h e  t o t a l  t r a v e l  t i m e  of t h e  base  v e h i c l e  
o v e r  t h e  network i n  hours .  
The computed PCE values ( 6 6  ) by v e h i c l e  class and 
t r a f f i c  c h a r a c t e r i s t i c s  are summarized i n  t a b l e  ( 2 . 4 . 2 - . 6 ) .  
The model i s  e a s y  t o  use  because  it r e q u i r e s  a 
minimum amount of  d a t a  c o l l e c t i o n .  
T a b l e  2 .4 .2-6  Summary of S y n t h e s i z e d  P a s s e n g e r  C a r  E q u i v a -  
l e n t s .  
Vehicle 
t y p e  
A u t o  
B u s  
SU-2 Ax 
6 t i r e  
SU- 3  
2 s - 1  
2s-2  
3s-2 
R e p r o d u c e d  from reference No.66)  
* T h r e e  d i f f e r e n t  s i g n a l  s e t t i n g s :  a p r i o r i  i s  a v a l u e  
c h o s e n  by t h e  a n a l y s t  and t w o  TRANSYT g e n e r a t e d  va lues ,  
t h e  f i r s t  a n  i n i t i a l  v a l u e  a n d  t h e  s e c o n d  an o p t i m u m  
v a l u e  . 
S i g n a l *  
s e t t i n g  
a p r i o r i  
i n i t i a l  
o p t i m u m  
a p r i o r i  
i n i t i a l  
o p t i m u m  
a p r i o r i  
i n i t i a l  
o p t i m u m  
a p r i o r i  
i n i t i a l  
o p t i m u m  
a p r i o r i  
i n i t i a l  
o p t i m u m  
a p r i o r i  
i n i t i a l  
op t imum 
O f f  P e a k  P e a k  
LOS A  LOS B LOS C  LOS D LOS E LOS F 
1 . 0 0  1 . 0 0  1 . 0 0  1 . 0 0  1 . 0 0  1 . 0 0  
1 . 1 6  1 . 1 7  1 . 1 7  1 . 1 6  1 . 1 6  1 . 2 2  
1 . 1 4  1 . 1 4  1 . 1 4  1 . 1 4  1 . 1 4  1 . 2 2  
1 . 1 9  1 - 2 0  1 . 2 0  1 . 2 0  1 . 2 1  1 . 2 2  
1.11 1.11 1.11 1.11 1.11 1 . 1 3  
1 . 0 3  1 . 0 8  1 . 0 9  1 . 0 9  1 . 0 9  1 . 1 3  
1 . 0 9  1 . 1 5  1.15 1 . 1 5  1 . 1 4  1 . 1 4  
1 . 2 0  1 . 1 9  1 . 2 0  1 . 1 9  1 . 2 0  1 . 3 0  
1 . 1 7  1 . 1 7  1 . 1 7  1 . 1 6  1 . 1 6  1 . 3 0  
1 . 2 4  1 . 2 4  1 . 2 4  1 . 2 3  1 . 2 4  1 . 3 2  
1 . 1 6  1 . 1 5  1.15 1 . 1 6  1 . 1 7  1 . 3 0  
1 . 1 4  1 . 1 3  1 . 1 4  1 . 1 4  1 . 1 6  1 . 3 1  
1 . 1 9  1 . 1 9  1 . 2 0  1 . 2 0  1 . 2 0  1 . 3 2  
1 . 2 3  1 . 1 7  1 . 1 8  1 . 1 8  1 . 1 9  1 - 4 4  
1 . 2 1  1 . 1 5  1 . 1 6  1 . 1 6  1 . 1 8  1 . 4 5  
1 . 2 7  1 . 2 0  1 . 2 1  1 . 2 2  1 . 2 2  1 . 4 6  
1 . 2 3  1 . 2 3  1 . 2 5  1 . 2 5  1 . 2 6  1 . 5 3  
1 . 2 1  1 . 2 1  1 . 2 2  1 . 2 2  1 . 2 5  1 . 5 3  
1 . 2 7  1 . 2 7  1 . 2 9  1 . 2 9  1 . 3 0  1 . 5 4  
2.5 - Site selection and description 
2.5.1 - Introduction 
I n  o r d e r  t o  o b t a i n  a wide range of d a t a  t o  study 
t r a f f i c  performance a t  s i g n a l i z e d  i n t e r s e c t i o n s ,  a number 
of sites were s e l e c t e d .  A t  each  of t h e s e  si tes,  con- 
d i t i o n s  of s a t u r a t e d  f l ow e x i s t e d  f o r  a p e r i o d  of  f o r t y  
minutes .  The s i tes  chosen were i n  Bradford,  London and 
Leeds . 
Data w a s  c o l l e c t e d  from t h e s e  sites a t  d i f f e r e n t  
times of t h e  day (morning and a f t e r n o o n ) ,  and on d i f f e r e n t  
days  ove r  a pe r iod  d u r i n g  1983,  1984 and 1985. 
The r e s u l t s  of t h e  o b s e r v a t i o n  can t h e r e f o r e  be 
cons idered  t o  have a direct r e l a t i o n s h i p  t o  t r a f f i c  f lows  
a t  s e v e r a l  busy urban i n t e r s e c t i o n s .  
2.5.2 - Site selection criteria. 
S i t e s  were chosen s o  as t o  embrace as  l a r g e  a  
range of carr iageway wid ths  as  p o s s i b l e ,  of  r e c e n t  d e s i g n  
and c o n s t r u c t i o n .  A l l  t h e  si tes were s u b j e c t e d  t o  heavy 
t r a f f i c  f lows.  The s i tes  chosen no t  o n l y  carried s u f f i -  
c i e n t  t r a f f i c  t o  become s a t u r a t e d  b u t  a l s o  c a r r i e d  a range  
of d i f f e r e n t  t y p e s  of v e h i c l e  i n  o r d e r  t h a t  PCU v a l u e s  
could be s imu l t aneous ly  c a l c u l a t e d .  Furthermore t h e y  had 
t o  be exempt from o u t s i d e  i n f l u e n c e s ,  i n  t h a t  t h e y  could  
n o t  be l o c a t e d  i n  such a p o s i t i o n  t h a t  t r a f f i c  from t h e  ad- 
j acen t  j unc t ion  blocked t h e  o b s e r v a t i o n  o r  even reached back 
f a r  enough t o  impede t h e  f low of v e h i c l e s  l e a v i n g  t h e  i n t e r -  
s e c t i o n ,  I n  a d d i t i o n  bus  s t o p s  and s i m i l a r  o b s t r u c t i o n s  
were no t  l o c a t e d  immediately beyond t h e  e x i t  t o  t h e  
i n t e r s e c t i o n .  The chosen sites had a l s o  t o  be c a r e f u l l y  
s e l e c t e d  s o  as  t o  e l i m i n a t e  a l l  o t h e r  f a c t o r s  i n f l u e n c i n g  
t r a f f i c  f low. I n  a d d i t i o n  t o  t h e  i n f l u e n c i n g  f a c t o r s  a l -  
ready  mentioned above t h e  e f f e c t  o f  g r a d i e n t  and o t h e r  s i t e  
c h a r a c t e r i s t i c s  had t o  be cons ide red .  Thus t h e  sites chosen 
had t o  f u l f i l  s t r i n g e n t  requi rements  i n  o r d e r  t o  be s u r e  t h a t  
t h e s e  f a c t o r s  had been e l i m i n a t e d .  These requi rements  were 
a s  fol lows:-  
(a) The sites must cover  a wide range  of s t o p - l i n e  w i d t h s ,  
i n c l u d i n g  mul t i - l ane  approaches .  
( b )  The s i te  must have a g r a d i e n t  of less t h a n  one per-  
c e n t ,  where g r a d i e n t  i s  measured a s  t h e  average  s l o p e  
between t h e  s t o p - l i n e  and a  p o i n t  on t h e  approach 
about  60m ( 2 0 0  f t )  b e f o r e  it. 
( c )  There were t o  be no parked v e h i c l e s  o r  b u s  s t o p s  c l o s e r  
t o  t h e  s t o p - l i n e  t h a n  t h e  l e n g t h  of a normal maximum 
queue. Whi l s t  t h i s  c r i t e r i o n  n e c e s s a r i l y  i n v o l v e s  sub- 
j e c t i v e  judgement, i n  g e n e r a l  s i t e s  were chosen where 
no pa rk ing  w a s  a l lowed on t h e  p a r t i c u l a r  approach t o  be 
used.  
( d l  The s i t e  must have "average"  s i t e  c h a r a c t e r i s t i c s .  AS 
most c h a r a c t e r i s t i c s  a r e  a l lowed e l sewhere ,  v i s i b i l i t y  
w a s  chosen as t h e  main c r i t e r i o n .  S i t e s  were t o  have 
good v i s i b i l i t y  w i t h  r e s p e c t  t o  t h e i r  urban l o c a t i o n s ;  
t h o s e  having p a r t i c u l a r l y  bad v i s i b i l i t y  o r  w i th  a n  
i n t e r r u p t e d  open a s p e c t  n o t  g i v i n g  complete ly  clear 
views of  t h e  o t h e r  t r a f f i c  f lows  were e l i m i n a t e d .  Any 
s i tes  where t h e r e  w a s  a tendency f o r  t h e  f low t o  be 
measured t o  become blocked o r  a f f e c t e d  by o t h e r  t r a f f i c  
f lows  w e r e  a l s o  e l i m i n a t e d .  
(e l  S i t e s  w e r e  chosen,  whenever p o s s i b l e ,  where t h e  pedes- 
t r i a n  f lows were few o r  non e x i s t e n t ,  bu t  where t h i s  
proved i m p o s s i b l e , s i t e s  a t  which p e d e s t r i a n  f lows were 
channe l led  t o  s p e c i f i c  c r o s s i n g  p o i n t s  c o n t r o l l e d  by 
t h e  t r a f f i c  l i g h t s  were chosen.  
( f )  T r a f f i c  f lows  a t  t h e  s i t e  chosen should cover  a  reason-  
a b l e  v a r i a t i o n  i n  t h e  mix of v e h i c l e  t ype .  
( g )  The approach should have s u f f i c i e n t l y  long p e r i o d s  of 
s a t u r a t i o n  f low.  
( h )  The sites involved  should  have a convenient  l o c a t i o n  f o r  
f i l m i n g  t h e  i n t e r s e c t i o n .  
Thus t h e  s e l e c t i o n  of s i t e s . w a s  based upon s t r i n g e n t  
c o n d i t i o n s  t o  ensu re  t h a t  t h e  r e s u l t s  ob t a ined  had l o g i c a l  and 
c o n s i s t e n t  b a s i s  and r e p r e s e n t e d  a wide range of d i f f e r e n t  
s i tes c h a r a c t e r i s t i c s  and d i f f e r e n t  f low c o n d i t i o n s .  
F igu re  (2.5.2-1) i l l u s t r a t e s  t h e  manner i n  which t h e  
d i f f e r i n g  a s p e c t s  of t h e  s t u d y  a r e  i n t e r - r e l a t e d .  
F i g u r e  2.5.2-1 S tudy  O u t l i n e  
7 
Develop T h e o r e t i c a l  Approach 
* 
v 
Formula te  Data C o l l e c t i o n  P l a n  
A 
'1 
P i l o t  S tudy  =r 
Y 
S e l e c t  C i t i e s  
and S i t e  
v 
C o l l e c t  Data 
Computer Prog- 
ramming A n a l y s i s  I 
v 
PCU Values  
2.5.3 - Site descriptions. 
Using t h e  a f o r e  mentioned c r i t e r i a  t h e  fo l lowing  
s i tes  w e r e  chosen: 
(1) Thornton Road (~6145)/Whetley Lane (B6148) 
Signalized ~ntersection, Bradford. 
This  c r o s s  i n t e r s e c t i o n  i s  s i t u a t e d  i n  t h e  W e s t  
~ i d i n g  of Yorksh i re ,  which i s  abou t  a m i l e  from Bradford 
C i t y  Cen t r e  ( F i g .  2.5.3-1).  For t h e  s tudy  purposes  Thornton 
Road approach w a s  chosen where t h e  t r a f f i c  w a s  t r a v e l l i n g  to -  
wards t h e  c i t y  c e n t r e .  There w e r e  two l a n e s  a t  t h e  approach,  
one f o r  s t r a i g h t  ahead and l e f t  t u r n i n g  t r a f f i c  and t h e  second 
a n  e x c l u s i v e  r i g h t - t u r n i n g  lane. The approach was a lmos t  
l e v e l  and s t r a i g h t  f o r  s e v e r a l  hundred metres be fo re  t h e  s top -  
l i n e .  
L e f t  t u r n i n g  t r a f f i c  w a s  f o rced  t o  n e g o t i a t e  a  
s h a r p  t u r n .  During morning peak hours  t h e  t r a f f i c  queue 
towards t h e  c i t y  c e n t r e  w a s  ve ry  long  and t h e  d u r a t i o n  of 
s a t u r a t i o n  c o n d i t i o n  a t  t h i s  approach was approximate ly  two 
hours  between 7.30 a.m. t o  9.30 a . m .  The composi t ion of 
t r a f f i c  a t  t h e  approach w a s  70% p r i v a t e  passenger  c a r s  and 
t h e  p r o p o r t i o n  of l e f t - t u r n i n g  v e h i c l e s  w a s  10% approxi -  
mately .  
Figure 2 .5 .3 .1  - Thorn ton  Road/ Ingleby Road 
s i g n a l i z e d  i n t e r s e c t i o n  ( B r a d f o r d )  
(2) Manningham Lane (~650)/~ueens Road (A650) 
Signalized Intersection, Bradford. 
This  i n t e r s e c t i o n  r e p r e s e n t s  a n  i d e a l  s i t u a t i o n  
f o r  t h e  i n v e s t i g a t i o n  because of i t s  l o c a t i o n  on a major 
r o u t e  l e a d i n g  t o  Bradford C i t y  Cent re  ( F i g .  2 . 5 . 3 -2 ) .  
For t h e  s t u d y  purposes  t h e  approach on 
Manningham Lane w a s  chosen where t h e  t r a f f i c  w a s  l e a v i n g  
t h e  c i t y  c e n t r e .  The approach w a s  a lmos t  l e v e l  and had 
two l a n e s ,  one l a n e  f o r  s t r a i g h t - a h e a d  and l e f t - t u r n i n g  
t r a f f i c  and t h e  o t h e r  f o r  r i g h t - t u r n i n g  v e h i c l e s  on ly .  
S a t u r a t i o n  l e v e l  was reached a t  t h e  approach 
du r ing  a f t e r n o o n  p e r i o d s  between 2.30 p.m. and 5.30 p.m. 
A t  t h e  a f t e r n o o n  peak t i m e s  between 4 . 4 5  p.m. and 6.00 p.m. 
a h igh  p r o p o r t i o n  of  r i g h t - t u r n i n g  t r a f f i c  e x i s t e d ,  s o  a 
r i g h t - t u r n i n g  phase ope ra t ed .  Fi lming a t  t h i s  pe r iod  of 
t i m e  w a s  avoided.  
Figure 2.5.3-2 Manningham Lane/Queenls Road 
Signalized ~ntersection 
( 3 )  Woodhouse Lane (Hyde Park Corner) (A660) 
Traf f i c  Signal  Approach, Leeds, 
Woodhouse Lane r e p r e s e n t s  one of  t h e  main r o u t e s  
l e a d i n g  t o  Leeds C i t y  Cent re .  The s i t e  chosen on t h i s  
r o u t e  was l o c a t e d  a t  Hyde Park Corner ( F i g .  2 .5 .3-3) .  
The approach w a s  a lmos t  l e v e l  and c o n s i s t e d  of 
two l a n e s ,  one f o r  s t r a i g h t  ahead and l e f t - t u r n i n g  t r a f f i c  
and t h e  second f o r  s t r a i g h t  ahead o n l y  wi th  a p r o h i b i t e d  
r i g h t - t u r n  c o n t r o l .  
The outward t r a f f i c  from t h e  c i t y  c e n t r e  w a s  
cons idered  f o r  t h e  s t u d y  purposes  du r ing  a f t e r n o o n  peak 
hours .  
F i g u r e  2 .5 .3 .3  - Woodhouse Lane and Headingley  Lane 
s i g n a l i z e d  i n t e r s e c t i o n  (Leeds  1 
( 4 )  Headingley Lane ( A 6 6 0 1  
T r a f f i c  Signal A p p r o a c h ,  Leeds. 
The approach is on t h e  o p p o s i t e  s i d e  of Woodhouse 
Lane approach mentioned i n  s i t e  3 ,  which i s  on a main 
r o u t e  l e a d i n g  t o  Leeds C i t y  Cen t re  ( ~ i g .  2.5.3-3). The 
approach was a lmos t  l e v e l  and c o n s i s t e d  of two l a n e s ,  one 
f o r  s t r a i g h t  ahead and l e f t - t u r n i n g  t r a f f i c  and t h e  second 
f o r  r i g h t - t u r n i n g  on ly .  
The inward t r a f f i c  t o  t h e  c i t y  c e n t r e  was con- 
s i d e r e d  f o r  t h e  s t u d y  purposes  d u r i n g  t h e  morning peak 
hours.  
( 5 )  St rea tham H i l l  ( A 2 3 1  
Traffic Signal A p p r o a c h ,  London, 
Filming w a s  c a r r i e d  o u t  o f  t h e  n o r t h  bound c a r r i a g e -  
way of t h e  approach which was a lmos t  l e v e l  and c o n s i s t e d  of  
t h r e e  l a n e s  ( F i g .  2.5.3-4), which c a r r i e d  t r a f f i c  from t h e  
s o u t h  of London (Croydon and S u r r e y )  t o  t h e  n o r t h  towards 
C e n t r a l  London. The c e n t r e  l a n e  was s o l e l y  f o r  s t r a i g h t  
ahead t r a f f i c ,  whi le  t h e  o f f - s i d e  l a n e  was f o r  r i g h t - t u r n i n g  
v e h i c l e s  o n l y  and t h e  nea r - s ide  l a n e  was f o r  s t r a i g h t  ahead 
and l e f t - t u r n i n g  v e h i c l e s .  The road was a p a r t  of t.he A 2 3  
connect ing  Br ighton i n  t h e  s o u t h  w i t h  C e n t r a l  London and 
t h e r e f o r e  t h e  road c a r r i e d  a n  a p p r e c i a b l e  amount of heavy 
commercial v e h i c l e s  and buses p a s s i n g  through t h e  i n t e r -  
s e c t i o n .  The i n t e r s e c t i o n  a s  a  whole r e p r e s e n t e d  a n  i d e a l  
l a y o u t  f o r  t h e  o b s e r v a t i o n  due t o  i t s  l o c a t i o n  and i t s  l e v e l  
of s a t u r a t i o n  d u r i n g  t h e  morning and a f t e r n o o n  peak hours  
and due t o  t h e  high pe rcen tage  of heavy v e h i c l e s  which was 
approximately 28%.  
Figure 2 . 5 . 3 . 4  - S t r e a t h a m  H i l l  a n d  ~ h r i s t c h u r c h  r o a d  t r a f f i c  
s i g n a l  approach  ( London 1 
( 6 )  Chr i s t chu rch  Road (A205)  
T r a f f i c  S i g n a l  Approach, London. 
The Chr i s t chu rch  approach c o n s i s t e d  of two l a n e s ,  
one f o r  s t r a i g h t  ahead and l e f t - t u r n i n g  t r a f f i c  and t h e  
second f o r  s t r a i g h t  ahead and r i g h t - t u r n i n g  v e h i c l e s ,  
( F i g .  2.5.3-4).  The r i g h t - t u r n i n g  v e h i c l e s  had t h e  
advantage of t h e  ve ry  wide a r e a  of t h e  i n t e r s e c t i o n  whi le  
n e g o t i a t i n g  t h e i r  t u r n i n g  manoeuvre, where abou t  f i v e  t o  
s i x  v e h i c l e s  can w a i t  b e f o r e  t u r n i n g  wi thou t  a f f e c t i n g  t h e  
movement of s t r a i g h t  ahead v e h i c l e s .  The approach had a 
very  s l i g h t  down h i l l  g r a d i e n t  towards t h e  s t o p  l i n e .  
The f low of t r a f f i c  c o n s i s t e d  of a l a r g e  p r o p o r t i o n  
of heavy commercial v e h i c l e s ,  22% approximately  and t h e  
approach w a s  f u l l y  s a t u r a t e d  d u r i n g  morning peak hours .  
2.6 - Method of  o b s e r v a t i o n  
2.6.1 - I n t r o d u c t i o n  
Data neces sa ry  f o r  t h e  c a l c u l a t i o n  and a n a l y s i s  
of t r a f f i c  parameters  a t  a s i g n a l i z e d  type  of c o n t r o l  may 
be c o l l e c t e d  by a v a r i e t y  of  methods r ang ing  from s imple  
grouped manual counts  t o  f u l l y  au toma t i c  r e c o r d i n g  of 
e v e n t s .  Gene ra l ly  t h e  more s o p h i s t i c a t e d  t h e  d a t a  c o l l e c -  
t i o n  p roces s ,  t h e  more d e t a i l e d  in format ion  and r e s u l t s  
which can be ob ta ined .  
At s i g n a l i z e d  i n t e r s e c t i o n s  t h e  i n fo rma t ion  re- 
q u i r e d  i s  based on t h e  t iming  of  s a t u r a t e d  green  p e r i o d s  
and r a t e  of v e h i c l e s  d i scha rged .  This  w i l l  r e q u i r e  p r e c i s e  
moni tor ing  equipment t o  be mounted o p p o s i t e  t o  t h e  approach 
under c o n s i d e r a t i o n .  The s t a n d a r d  of accu racy  and cons i s -  
t e n c y  t h a t  w e r e  a s s o c i a t e d  w i t h  t h e  c o l l e c t i o n  of d a t a  had 
t o  be h igh  i n  o r d e r  t o  reduce t h e  e r r o r  rate .  
I n  t h e  l a b o r a t o r y  t h e  a n a l y s i s  should  be of a 
h igh  l e v e l  of  accuracy.  Th i s  was ach ieved  by us ing  ad- 
vanced equipment t o  moni tor  t h e  movement of v e h i c l e s .  
With r ega rd  t o  accu racy  i t  i s  impor tan t  t o  no te  
t h a t  a l t hough  t h e r e  is  p l e n t y  of scope f o r  improvement i n  
t h e  e r r o r  rate i n  t h e  pr imary count  d a t a ,  v a r i a b i l i t y  
due t o  sampling i n  t i m e  o r  space ,  weather  c o n d i t i o n s  and 
l o c a l  t r a f f i c  e v e n t s  (parked  v e h i c l e s ,  a c c i d e n t s ,  road works, 
temporary traffic management measure, etc.), will inevi- 
tably be present whatever measurement technique is used. 
2.6.2 - Filming technique  and d a t a  c o l l e c t i o n .  
Recording numerous t r a f f i c  e v e n t s  occu r ing  a t  
t h e  same t i m e  i .e .  time headway, speed,  v e h i c l e  coun t ing  
and i t s  c l a s s i f i c a t i o n ,  t r a f f i c  d e n s i t y ,  ...... e t c .  re- 
q u i r e s  permanent r e c o r d s  and s p e c i a l  t e chn iques  t o  e n a b l e  
r e s e a r c h e r s  t o  a b s t r a c t  a l l  t h e  neces sa ry  in fo rma t ion .  
Video images are a ve ry  good sou rce  of informa- 
t i o n  f o r  t h e  a n a l y s i s  of t r a f f i c  f lows .  D e t a i l e d  s t u d i e s  
of v e h i c l e  speeds  o r  o r i g i n - d e s t i n a t i o n  p a t t e r n s  a t  junc- 
t i o n s  u s u a l l y  e n t a i l  l a b o u r - i n t e n s i v e  manual o r  complicated 
semi-automatic methods. The use  of  v ideo  r e c o r d i n g s  a s  a  
way of g a t h e r i n g  a permanent r e c o r d  from which d a t a  can  be 
a b s t r a c t e d  a t  some l a t e r  convenien t  t i m e  is  becoming popu- 
l a r .  In format ion  can be ga the red  (depending on s i te  
l o c a t i o n  and weather  c o n d i t i o n s ) . u s i n g  t h e  fo l lowing  equip-  
ment; v ideo  camera, p o r t a b l e  v ideo  r e c o r d e r  w i t h  t a p e s ,  
t r i p o d  and power supply.  
Video f i ' lming as  a source  of t r a f f i c  d a t a  c o l l e c -  
t i o n ,  is  widely  used by many r e s e a r c h e r s  and t r a f f i c  s tudy  
groups and o r g a n i s a t i o n s .  Voorheas ( 6 0 )  sugges ted  t h e  
use  of v ideo  f i l m i n g  as  e x p l a i n e d  i n  .(Fig. 2.6.2-2) t o  
o b t a i n  a l l  necessary  d e t a i l  abou t  d i s c h a r g e  headways of  
v e h i c l e  t y p e ,  and t o  d i s t i n g u i s h  t h e  v e h i c l e  t y p e s  by t h e i r  








F i g u r e  - .  2 . 6 . 2 . 1  - T y p i c a l  Video C a m e r a  P l a c e m e n t  
Figure 2 . 6 . 2 . 2  - D i s t a n c e  Measu r ing  T e c h n i q u e  
The d i s c h a r g e  headway camera was used t o  c o l l e c t  bo th  
d i s c h a r g e  headway and a c c e l e r a t i o n  d a t a .  The second 
camera w a s  used t o  measure t a r g e t  speed and v e h i c l e  
l e n g t h .  Both cameras were ope ra t ed  a t  2 frames p e r  
second. 
The A u s t r a l i a n  Road Research Board (681, 
underto.ok and sponsored a r e s e a r c h  p r o j e c t  i n  t h e i r  
c u r r e n t  e f f o r t s  towards s tudy ing  t h e  movement of  
v e h i c l e s  on urban s e c t i o n s  of  roads  and d i f f e r e n t  t y p e s  
of  i n t e r s e c t i o n s .  I n  a d d i t i o n ,  t o  s tudy  t h e  c a p a c i t y  
and performance of roundabouts  t h e  ~ u s t r a l i a n  Road 
Research Board used v ideo  f i l m i n g  t echn iques  and developed 
a n  a n a l y s i s  procedure  of  v ideo  images u s ing  microcomputers. 
A t echnique  s imilar  t o  t h i s  has  been used s u c c e s s f u l l y  i n  
t h e  p a s t  and has  been d e s c r i b e d  by Dods (69). 
Recent developments on road t r a f f i c  s u r v e i l l a n c e  
and c o n t r o l  systems us ing  d i g i t a l  computers r e q u i r e  a 
l a r g e  q u a n t i t y  of t r a f f i c  i n fo rma t ion  t o  be ga the red  on a 
r ea l - t ime  b a s i s .  The neces sa ry  in format ion  i s  focused  
on s p e c i a l  t r a f f i c  parameters  i . e .  t h e  l e n g t h  of queue, 
t h e  grade  of conges t ion  and in fo rma t ion  on unusual  t r a f f i c  
i n c i d e n t s .  R e a l - t i m e  p roces s ing  of moving p i c t u r e s  on 
t r a f f i c  f low i s  cons idered  t o  be u s e f u l  f o r  o b t a i n i n g  
v a r i o u s  t ypes  of s p a c i a l  t r a f f i c  parameters .  I t  reduces  
t h e  t i m e  and work r e q u i r e d  i n  t r a f f i c  i n v e s t i g a t i o n .  
H i l b e r t  h . 1 ,  Houkes ( 7 1  ) and Takaba e t  a1  (72 ) 
have developed a t r a f f i c  f low measuring system us ing  a 
v ideo  camera. A group a t  UMIST and t h e  U n i v e r s i t y  of  
S h e f f i e l d  have developed a t r a f f i c  d a t a  c o l l e c t i o n  system 
by us ing  a  CCD C a m e r a  (73). Also i n  Japan,  Ooyama et 
a 1  ( 7 4 )  and Kudo e t  a 1  ( 7 5 )  have in t roduced  a system 
us ing  a  s enso r  of s p e c i a l l y  a r ranged  photo d iode  a r r a y  o r  
t h e  one us ing  a  CCD senso r .  F i e l d  t e s t i n g  w i t h ' t h e s e  
systems has  s i n c e  been t r i e d .  
2.6.3 - The method adopted f o r  .data c o l l e c t i o n .  
Video f i l m i n g  t echn ique  was used i n  t h i s  s tudy  
t o  c o l l e c t  t r a f f i c  d a t a  from v a r i o u s  s i g n a l i z e d  i n t e r s e c -  
t i o n s  i n  W e s t  Yorkshire  and London. A modern co lou r  
v ideo  camera and p o r t a b l e  v ideo  r e c o r d e r  w e r e  used;  t h e y  
a r e  d e s c r i b e d  i n  d e t a i l  i n  Appendix A .  
Because of  t h e  s o p h i s t i c a t e d  f a c i l i t y  a v a i l a b l e  
w i t h i n  t h e  equipment, t h e y  were cons ide red  t o  o f f e r  a 
p r a c t i c a l  and r ea sonab ly  a c c u r a t e  choice  bo th  f o r  f i l m i n g  
t h e  v a r i o u s  s i tes  and f o r  t h e  p roces s  of f i l m  a n a l y s i s  i n  
t h e  l a b o r a t o r y .  
S e v e r a l  v ideo  f i l m s  (VHS) w e r e  used a t  each  s i t e  
and some d i f f i c u l t i e s  were exper ienced  du r ing  f i l m i n g ,  such 
a s  poor weather  c o n d i t i o n s  which prevented  long p e r i o d s  of  
f i l m i n g  a t  t i m e s .  
A t  S i t e  1 t h e  o b s e r v a t i o n  w a s  c a r r i e d  o u t  f o r  a 
t o t a l  of 1 5  hours  du r ing  t h e  morning peak p e r i o d s  between 
7.30 a . m .  and 9 .00  a.m. and t h e  camera w a s  l o c a t e d  on t h e  
o p p o s i t e  s i d e  of t h e  approach.  
The t r a f f i c  movements a r e  shown i n  F igure  2 .6 .3-1  
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Figure 2.6.3-1 S i t e  "1" j u n c t i o n  l a y o u t s ,  camera l o c a t i o n  
and t r a f f i c  movements ( B r a d f o r d ) .  
F i g u r e  2.6.3-2 S i t e  " 2 "  j u n c t i o n  l a y o u t s ,  camera l o c a t i o n  and 
t r a f f i c  movements ( B r a d f o r d ) .  
i n t e r s e c t i o n  and t h e r e  w a s  no o b s t r u c t i o n  caused by t h e  
r i g h t - t u r n e r s  t o  s t r a i g h t  ahead movement. 
The s i t e  i s  f r e e  from any p h y s i c a l  o b s t r u c t i o n s  
and bus s t o p  l o c a t i o n s  were reasonably  away from t h e  imme- 
d i a t e  v i c i n i t y  of t h e  i n t e r s e c t i o n .  
A t  S i t e ' 2  t h e  o b s e r v a t i o n  was c a r r i e d  o u t  f o r  
1 5  hours  c o l l e c t i v e l y  d u r i n g  t h e  a f t e r n o o n  peak p e r i o d s  
between 3.00 p.m. and 5.00 p .m .  
The camera was l o c a t e d  on t h e  o p p o s i t e  s i d e  of 
t h e  approach where t h e r e  i s  ample space wi thou t  caus ing  
any o n s t r u c t i o n  t o  p e d e s t r i a n s ,  F igu re  2.6.3-2. 
The o b s e r v a t i o n s  were t aken  a t  t i m e s  when t h e  
approach had reached s a t u r a t i o n  c o n d i t i o n s  f o r  t r a f f i c  
l e a v i n g  t h e  c i t y  c e n t r e .  
Right  t u r n i n g  manoeuvre w a s  n o t  caus ing  any ob- 
s t r u c t i o n  t o  s t r a i g h t  ahead movements and t h e  s i t e  was 
f r e e  from any p h y s i c a l  o b s t r u c t i o n s .  The b u s  s t o p  a t  
t h e  approach w a s l o c a t e d  a t  a  r ea sonab le  d i s t a n c e  from t h e  
s t o p  l i n e .  
A t  S i t e  3 t h e  o b s e r v a t i o n  was c a r r i e d  o u t  
Figure 2.6.3-3 S i t e  3 and  S i t e  4 j u n c t i o n  l a y o u t s ,  camera 
l o c a t i o n  and t r a f f i c  movements ( L e e d s ) .  
dur ing  t h e  morning peak p e r i o d  between 7.30 a . m .  and 
9.30 a . m .  and f o r  1 5  hour s  i n  a l l .  The camera w a s  
l o c a t e d  on t h e  o p p o s i t e  s i d e  of t h e  approach as shown i n  
F igure  2.6.3-3. The F igu re  a l s o  shows t h e  t r a f f i c  move- 
ments which r e p r e s e n t  t h e  common arrangement for a 4 - a r m  
i n t e r s e c t i o n , e x c e p t  t h e  p r o h i b i t e d  r i g h t  t u r n i n g  movement 
from t h e  approach under c o n s i d e r a t i o n .  
The s i t e  i s  f r e e  from any p h y s i c a l  o b s t r u c t i o n  
and ve ry  w e l l  marked wi th  c l e a r  t r a f f i c  s i g n s .  
S i t e  4 is  t h e  o p p o s i t e  s i d e  of s i t e  3 where 
o b s e r v a t i o n  w a s  c a r r i e d  o u t  f o r  10  hours  i n  t o t a l  du r ing  
t h e  morning peak p e r i o d s  between 7.30 a.m. and 9.00 a.m. 
The camera w a s  l o c a t e d  on t h e  o p p o s i t e  s i d e  of t h e  approach 
as shown i n  F igure  2.6.3-3. T r a f f i c  movements a r e  t h e  
same a s  i n  s i t e  3 excep t  f o r  t h e  o f f - s i d e  l a n e  where it w a s  
r e s t r i c t e d  f o r  r i g h t  t u r n i n g  v e h i c l e s .  
A t  S i t e  5 t h e  o b s e r v a t i o n s  were c a r r i e d  o u t  
f o r  20 hours  i n  t o t a l  d u r i n g  t h e  morning peak pe r iod  between 
7.30 a.m. and 9.30 a . m . .  The middle l a n e  approach w a s  used 
by s t r a i g h t  ahead t r a f f i c  o n l y  and t h i s  w a s  cons idered  i n  
t h e  obse rva t ion .  
The camera was l o c a t e d  a t  t h e  o p p o s i t e  co rne r  of 
F i g u r e  2 . 6  .3-4  S i t e  5 and  S i t e  6 j u n c t i o n  l a y o u t s ,  camera 
l o c a t i o n  and  t r a f f i c  movements  ondo don). 
t h e  approach and due t o  t h e  wid th  of t h e  i n t e r s e c t i o n  it 
had less e f f e c t  on d r i v e r  behaviour  as t h e y  were l e a v i n g  
t h e  s t o p  l i n e ,  F igu re  ( 2 . 6 . 3 - . 4 ) .  The o b s e r v a t i o n s  w e r e  
c a r r i e d  o u t  w i thou t  i n t e r f e r e n c e  from r i g h t - t u r n i n g  ve- 
h i c l e s .  
A t  S i t e  6 t h e  o b s e r v a t i o n s  were c a r r i e d  o u t  
f o r  a t o t a l  of 20  hours  d u r i n g  t h e  morning peak p e r i o d  
between 7 .30  a.m. and 9.00 a . m .  The s i te  and t r a f f i c  move- 
ments are as shown i n  F igu re  2.6 .3-4,  one l a n e  f o r  s t r a i g h t -  
ahead and l e f t - t u r n i n g . v e h i c l e s  and t h e  second f o r  s t r a i g h t -  
ahead and r i g h t - t u r n i n g  t r a f f i c .  The camera w a s  l o c a t e d  
on t h e  o p p o s i t e  s i d e  of t h e  approach where t h e  l a n e  f o r  
s t r a igh t - ahead  and l e f t - t u r n i n g  t r a f f i c  w a s  f i lmed .  
2.6.4 - Film analysis, 
The a n a l y s i s  of v ideo  f i l m s  w a s  c a r r i e d  o u t  i n  
t h e  l a b o r a t o r y  us ing  t h e  p o r t a b l e  co lou r  v ideo  c a s s e t t e  
r e c o r d e r  (HR-2200 EG/EK J V C )  connected t o  t h e  t u n e r / a d a p t e r  
(TV-24 EK J V C ) ,  w i th  remote c o n t r o l  f a c i l i t y  and 20 i n s .  
4 System co lou r  moni tor  (VM-20PS MCG).  
During t h e  a n a l y s i s  p roces s  a H e w l e t t  Packard 
"HP-85" micro-computer'was used t o  s t o r e  . da t a  o b t a i n e d  from 
recorded  v ideo  t a p e s .  I n  o r d e r  t o  g i v e  a clear view of s i t e  
and v e h i c l e  movements a b i g  . screen of  20" moni tor  was used 
t o  d i s p l a y  each recorded v ideo  t a p e  of 1 hour o r  2 hours  
(VHS). The p i c t u r e s  were advanced frame by frame u s i n g  
t h e  frame advance c o n t r o l  f a c i l i t y ,  see Figure  2 . 6 . 4 - 1 ,  
which o u t l i n e s  t h e  equipment used i n  t h e  l a b o r a t o r y .  
An exper iment  w a s  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  
t o  measure t h e  number of f rames p e r  second. It w a s  found 
t h a t  t h e  normal scan  r a t e  was 25 frames p e r  second (fps). 
This  g i v e s  an  accuracy  o f  0.04 sec. p e r  frame which a l l ows  
a h igh  accuracy  i n  measuring t i m e  i n t e r v a l s  between succes-  
s i v e  e v e n t s .  To a i d  t h e  a n a l y s i s  of t h e  l a r g e  number of 
f i l m s  t aken ,  s p e c i a l  a n a l y s i s  s h e e t s  were prepared  on which 
d i f f e r e n t  e v e n t s  were recorded  i n  t a b u l a r  form t o g e t h e r  
wi th  t h e  use  of a micro-computer t o  store d a t a .  
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Figure  2 . 6 . 4 .  - 1 Analysis equipment 
The e v e n t s  e x t r a c t e d  from recorded  f i l m s  were 
as fol lows:-  
( i)  Number of s u c c e s s i v e  v e h i c l e s  p e r  g reen  t i m e .  
(ii) Vehic le  t ype .  
(iii) Green t i m e .  
( i v )  S t a r t  and end l o s t  t imes .  
( v )  Number of l e f t  t u r n i n g  v e h i c l e s  and s t r a i g h t  
ahead on ly .  
( v i )  T ime  headway between succes s ive  v e h i c l e s .  
The type  of each  v e h i c l e  l e a v i n g  t h e  s t o p - l i n e  
w a s  noted i n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t  of v e h i c l e  
t ype  on highway t r a f f i c  f low. T i m e  headway between suc-  
c e s s i v e  v e h i c l e s  w e r e  r ecorded  as f r o n t  wheels of each 
v e h i c l e  c r o s s e d  t h e  s t o p - l i n e  . 
Computer images of v ideo  f i l m s  a n a l y s i s  are - 
shown i n  F igu re  2.6.4-2,  which g i v e s  a comparison between 
two d i f f e r e n t  a n g l e s  of f i l m i n g  t h e  s a m e  s i t e  (a) and (b). 
The i d e a l  a n g l e  of f i l m i n g  i s  shown i n  ( b ) .  
. . .  - .- 
Figure 2.6.4. .  - 2: Computer images p l a n  and t w o  isometric views of 
the same traffic signal approach.  
2.7 - D a t a  a n a l y s i s  
2.7.1 - Vehicle-Type D e f i n i t i o n .  
During t h e  a n a l y s i s  of f i l m s ,  t h e  numbers of 
v a r i o u s  v e h i c l e  t y p e s  are counted i n  o r d e r  t o  c a l c u l a t e  
PCU va lues .  For t h i s  p r o c e s s  it i s  neces sa ry  t o  adopt  
a  s p e c i f i c  ca t ego ry  of v e h i c l e  c l a s s e s  t o  be a b l e  t o  d i s -  
t i n g u i s h  between d i f f e r e n t  t y p e s  of v e h i c l e s .  Vehic le  
c l a s s i f i c a t i o n  has  been reproduced as shown i n  F igure  
(2 .7 .1-1) .  This  c l a s s i f i c a t i o n ,  which meets t h e  r e q u i r e -  
ments of t h e  Department of  T ranspor t ,  a s  d e f i n e d  i n  EEC 
r e g u l a t i o n  R1108/70, has  beeri adopted i n  t h i s  s tudy .  
This  c l a s s i f i c a t i o n  was produced by t h e  T ranspor t  and Road 
Research Laboratory i n  c o l l a b o r a t i o n  wi th  t h e  Department of 
T ranspor t  and S c o t t i s h  Development Department. Two 
hundred and twenty l o c a t i o n s  w e r e  chosen throughout  t h e  
U.K.  as  s tudy  s i t e s  i n  r u r a l  and urban a r e a s  ( 1 .  
Vehic les  were c l a s s i f i e d  i n t o  a  t o t a l  of 2 0  t y p e s ;  t h e y  
were g iven  code numbers f o r  a n a l y s i s  and au toma t i c  v e h i c l e  
c l a s s i f i c a t i o n  purposes .  I n  a d d i t i o n ,  i f  a n  a c c e p t a b l e  
v e h i c l e  parameter  match could no t  be ach ieved ,  v e h i c l e  were 
t hen  c l a s s i f i e d  i n t o  6 a d d i t i o n a l  c a t e g o r i e s  by t h e  number 
of a x l e s .  
The c l a s s i f i c a t i o n  i n  t h i s  s tudy  was connected t o  
TRRL c l a s s e s  shown i n  F igu re  (2.7.1-1) by i n d i c a t i n g  t h e  
class number r e l a t e d  t o  it. 
C l a s s  Veh i c l e  d e s c r i p t i o n  
R i g ~ d  3 axle HGV 
M w e d ,  scooter 
motorcycle & trailer 
Car. light van, taxi d b *  trailer 
Light goods vehicle d Artic, 2 axle tractor +1 axle semi-trailer 
Car or light goods 
vehicle + 1 or 2 
axle caravan 
or trailer 
R i g ~ d  3 axle heavy 
goods vehicle 
Rigid 4 axle heavy 
goods vehicle 
Bus or coach, 
2 or 3 axle 
Rigid 2 axle HGV 
+ 1 o: 2 axle 
drawbar trailer 
Rigid 2 axle HGV 
+J axle drawbrr , 
traiier 
Artic, 2 axle tractor 
+2 axle semi-trailer 
A r t~c ,  3 axle trutw 
+1 axle semi-trailer 
Artic, 2 axle trrctor 
+3 axle semi-trailer 
Artic, 3 axle t r r t o r  
+3 axle semi-trailer 
Vehicle w i t h  7 or 
more axles 
I N  Vehicle wi th  1 axle counted 
ZN 2 axle vehicle not otherw~se class~fied 
3N 3 axle vehicle not 0therv;ise t!ass~!~ed 
4N 2 axle vehicle not otherwise c!ass;!leo 
5N 5 axle vehicle not otherwise class~:led 
6N 6 axle vehicle not otherwtse clasr~fied 
F+gure  2.7.1-1 TRRL v e h i c l e  c l a s s  l i s t i n g  compat ib le  w i t h  EEC 
Regu l a t i on  R1108/70 . 
(Reproduced from r e f e r e n c e  No.2) 
To s impl i fy  t h e  a n a l y s i s  i n  t h i s  s tudy 
vehicle- type c l a s s e s  w e r e  grouped i n t o  t h e  fol lowing 
c a t e g o r i e s  and a r e  used throughout:- 
( ( a )  ) "Cars" ( C ) ,  l i g h t  v e h i c l e s  ( 3  o r  4 wheeled ve- 
h i c l e s )  inc luding  l i g h t  vans wi th  2-axles. 
TRRL Class  2N. 
( ( b ) )  "Light Goods Vehicles' '  ( L G V ) ,  inc luding  medium and 
l a r g e  vans p r  medium commercial v e h i c l e s  wi th  2- 
a x l e s  but  more than  4 wheels. TRRL C l a s s  2N. 
( ( c ) )  "Heavy Goods Vehicles" ( H G V ) ,  v e h i c l e s  wi th  2-axles 
o r  more, long-wheel base l o r r i e s ,  coaches and buses 
( s i n g l e  and double deck) .  TRRL Class  3N. 
( ( d l )  "Ar t i cu la ted  Goods Vehicles"  ( A G V ) ,  v e h i c l e s  wi th  
3-axles, 4axles o r  more, inc luding  s e m i - t r a i l e r  and 
t r a i l e r -coach .  TRRL Classes  4 N ,  5 N  and 6N. 
( ( e ) )  "Motorcycle" ( M C ) ,  moped, scoo te r  with two wheels. 
TRRL Class  I N .  
~ l s o  c a r s  and vans t u r n i n g  t o  t h e  l e f t  a t  junc- 
t i o n s  were ind ica ted  a s  C and LGVLf t o  c a l c u l a t e  t h e i r  L 
e f f e c t  on PCU values.  
2 .7 .2  - Theoretical Basis of the Analysis. 
The b a s i s  o f  t h e  a n a l y s i s  is  t h a t  t h e  s a t u r a -  
t i o n  f low a t  a s i g n a l i z e d  i n t e r s e c t i o n  i s  a c o n s t a n t  va lue  
and t h e  t o t a l  number of v e h i c l e s  f lowing  th rough  t h e  i n t e r -  
s e c t i o n  i n  u n i t  t i m e  i s  dependent upon t h e  p r o p o r t i o n s  of  
d i f f e r e n t  t y p e s  of v e h i c l e s  i n  t h e  f low. 
This  can  be expressed  simply as: 
S a t u r a t i o n  Flow = (The number of v e h i c l e s  of t ype  "nWX. 
The passenger  car u n i t  f o r  v e h i c l e s  
t y p e  "n"). ................. 2.7.2-1 
where 
S.F. = S a t u r a t i o n  f low i n  p c u ' s  i n  t i m e  t s e c s .  
X n  = The number of v e h i c l e s  of  t y p e  n.  
An = The passenger  car u n i t  f o r  v e h i c l e s  t ype  'n. 
By count ing  t h e  t o t a l  number of v e h i c l e  t y p e s  
p a s s i n g  t h e  s t o p - l i n e  d u r i n g  a s a t u r a t i o n  f low pe r iod ,  
t h e  fo l lowing  e q u a t i o n  w a s  i n t roduced  t o  c a l c u l a t e  pas- 
senger  c a r  u n i t  va lues :  
where 
SF = S a t u r a t i o n  f low p e r i o d  i n  seconds,  
a, = The c o n s t a n t  parameter ,  
X l t X 2 , X 3  ... Xi = Vehic le  t y p e s ,  
a l t a 2 ' a 3  . . *  a = C o e f f i c i e n t  parameters  (p .c .u .  weigh t ings  i 
f o r  v e h i c l e  t y p e s  X l r X 2 , X 3  ... X . ) .  
1 
Mul t ip l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  i s  used t o  
compute PCU weight ings  f o r  each  v e h i c l e  t ype  cons ide red  
and i s  a l s o  used t o  t e s t  t h e  s i g n i f i c a n c e  of t h e  r e s u l t s .  
Regress ion  a n a l y s i s  i s  a l s o  used f o r  t e s t i n g  t h e  r e l a -  
t i o n s h i p  between a dependent v a r i a b l e  ( s a t u r a t i o n  f low 
p e r i o d )  and two o r  more independent  v a r i a b l e s  (number of 
v e h i c l e  t y p e s  ) . 
Since  t h e r e  are f i v e  v e h i c l e  t y p e s  cons idered  
i n  t h e  s tudy  (passenger  cars, l i g h t  goods v e h i c l e s ,  heavy 
goods v e h i c l e s ,  b u s e s / a r t i c u l a t e d  goods v e h i c l e s  and motor- 
c y c l e s ) ,  c a r s  t u r n i n g  l e f t  and l i g h t  goods v e h i c l e s  t u r n i n g  
l e f t ,  t h e r e  w i l l  be seven s e p a r a t e  v e h i c l e  t y p e s  o r  seven 
independent  v a r i a b l e s  i n  t h e  above equa t ion .  The f i n a l  
e q u a t i o n  which w a s  used i n  t h e  r e g r e s s i o n  a n a l y s i s  i s  a s  
f o l l o w s  : - 
where : 
SF = S a t u r a t i o n  f low p e r i o d  i n  seconds.  
a, = Constant  parameter .  
X1 = Number of passenger  cars. 
X2 = Number of l i g h t  goods v e h i c l e s .  
X3 = Number of heavy goods v e h i c l e s .  
X4  = Number of buses  and a r t i c u l a t e d  goods v e h i c l e s .  
X5 = Number of motorcycles .  
'6 = Number of  passenger  c a r s  t u r n i n g  l e f t .  
X7 = Number of l i g h t  goods v e h i c l e s  t u r n i n g  l e f t .  
a l , a2 ,a3  ..... a = Passenger  c a r  u n i t  weigh t ings  f o r  t h e  7  
above mentioned v e h i c l e  t y p e s  respec-  
t i v e l y .  
These are a l l  known q u a n t i t i e s ,  and alt a and a a r e  t h e  2  7  
unknown PCU f a c t o r s .  
Only passenger  cars and l i g h t  goods v e h i c l e s  
t u r n i n g  l e f t  w e r e  cons ide red  i n  t h i s  s t u d y  because of t h e i r  
s i g n i f i c a n t  numbers, wh i l e  o t h e r  t y p e s  of  v e h i c l e s  t u r n i n g  
l e f t  w e r e  ve ry  few i n  number, s o  t h e  e f f e c t  of t h e i r  v a l u e s  
would be i n s i g n i f i c a n t .  
2.7.3 - Computer programming and a n a l y s i s .  
The S t a t i s t i c a l  Package f o r  t h e  S o c i a l  Sc i ences  
(SPSS) program w a s  used f o r  d a t a  a n a l y s i s .  The package 
comprises a . p o w e r f u l  se t  of  s t a t i s t i c a l  programs and was 
w r i t t e n  o r i g i n a l l y  f o r  s o c i a l  s c i e n t i s t s ,  b u t  h a s  s i n c e  
been expanded and now i n c l u d e s  many general -purpose s t a t i -  
s t i c a l  r o u t i n e s .  
SPSS (76) i s  des igned  s o  t h a t  t h e  u s e r  can per-  
form s t a t i s t i c a l  a n a l y s i s  u s ing  r e g r e s s i o n .  The procedure  
REGRESSION d e r i v e s  t h e  best m u l t i p l e  l i n e a r  r e g r e s s i o n  of 
t h e  dependent v a r i a b l e  on a set of independent  va r i ab l e s . .  
The number of independent  v a r i a b l e s  may be f i x e d  o r  v a r i -  
a b l e s  may be in t roduced  one a t  a t i m e  (S tepwise  r e g r e s s i o n )  
u n t i l  a  s a t i s f a c t o r y  r e g r e s s i o n ' h a s  been ob ta ined .  
The t h r e e  t y p e s  of m u l t i p l e  r e g r e s s i o n  w i t h  v a r i -  
a b l e  s e l e c t i o n  w e r e  used i n  t h e  a n a l y s i s ;  t h e y  are:- 
i - Forward method (Stepwide)  i n c l u s i o n ;  
ii - Stepwise  Mul t ip l e  Regress ion;  
iii - Backward E l imina t ion .  
F igure  ( 2 . 7 . 3 - I ) ,  i l l u s t r a t e s  t h e  o v e r a l l  f low 
c h a r t  o u t l i n e s ,  which show t h e  i n i t i a l i z i n g  and t h e  










OF FILE el I"'"[ 
RESULTS 
1  
f RETURN \ 
F i g u r e  2.7.3-1 O v e r a l l  system f l o w  chart 
START C 
INPUT DATA 
S a t u r a t i o n  P e r i o d s  
& 
N o .  o f  v e h i c k s  u s  
t 
Program P r o c e d u r e s  
Program S t a t i s t i c a l  P a r a m e t e r s   
R e s u l t s  c 
F i g u r e  2.7.3-2 Flow C h a r t  o f  Main Computing Program 
t h e  s t e p s  of o p t i o n s  and s ta t i s t ics  and d a t a  f i l e  r ead ings  
( 77) 
F igure  (2 .7 .3-2) ,  i l l u s t r a t e s  t h e  o u t l i n e  program 
procedures  f o r  t h e  t h r e e  methods of r e g r e s s i o n  used t o  
a n a l y s e  s t o r e d  d a t a  f o r  eve ry  s i te  under s tudy .  
The program w a s  used t o  de te rmine  t h e  passenger  
car u n i t s  f o r  each  set  of d a t a .  Equat ion (2.7.2-4) w a s  
used i n  which t h e  independent  v a r i a b l e s  w e r e  t h e  i n i t i a l  
i n p u t  t o  t h e  program, i n  t h i s  case t h e  number of each  type  
of v e h i c l e  cons idered  a t  t h e  s a t u r a t e d  p e r i o d .  A s  a n  ex- 
ample, t h e  f i r s t  r e a d i n g  for s i t e  (1) is: 
S a t u r a t e d  C a r  LGV HGV AGV MC CL LGV TOTAL 
green  t i m e  6 L 
( seconds ) Buses 
Appendix "B" shows more i l l u s t r a t e d  d a t a  f i l e  samples.  
T r a f f i c  d a t a  w e r e  s t o r e d  i n  microcomputer d u r i n g  
f i l m  a n a l y s i s  and t h e n  f e d  t o  t h e  CYBER computer a t  t h e  
Un ive r s i t y  of Bradford by d i r e c t  e n t r y  through i n t e r p r e t i n g  
t h e  word "card"  t o  mean a l i n e  of t e rmina l - inpu t .  
The r e s u l t s  f o r  t h e  passenger  car u n i t  v a l u e s  and 
t h e  s t a n d a r d  e r r o r s  f o r  each  v e h i c l e  t ype  are shown i n  
t a b l e s  (2 .7 .3-1)  t o  (2 .7 .3 -6 ) .  Each table r e p r e s e n t s  
t h e  r e s u l t s  f o r  e a c h  s i t e  u s i n g  t h e  Forward, Backward 
and S t e p w i s e  R e g r e s s i o n  methods.  
T a b l e s  (2.7.3-7) t o  (2.7.3-12) show t h e  mean 
v a l u e s  f o r  t h e  r e s u l t s .  
2 - 8  - P r e s e n t a t i o n  of results 
2.8.1 - Introduction. 
R e s u l t s  were o b t a i n e d  u t i l i z i n g  t h e  a n a l y t i c a l  
methods o u t l i n e d  i n  t h e  p rev ious  paragraph (2.7.3), and 
are p re sen ted  i n  bo th  a t a b u l a r  and a  diagrammatic form 
where a p p r o p r i a t e .  R e s u l t s  from t h e  computer ou t -pu t  
are g iven  i n  Appendix B,  showing a l l  s t a t i s t i c a l  v a l u e s  
r e l a t e d  t o  t h e  c a l c u l a t i o n  of PCU f a c t o r s .  Table  
(2.8.1-1) shows a summary of  s i t e  s t u d y  and t r a f f i c  
movements under i n v e s t i g a t i o n  a t  each s i te .  Table  
(2.8.1-2) g i v e s  a  summary of one hour f i l m  a n a l y s i s  of  
each  s i te  showing t o t a l  number of v e h i c l e s  and number of 
each  v e h i c l e  t ype  wi th  t h e i r  pe rcen tages  and t h e  t o t a l  
t ime i n  seconds of  o b s e r v a t i o n  t o g e t h e r  w i th  t h e  average  
t i m e s  p e r  obse rva t ion .  
SITES SURVEYED 
1 The f i r s t  r oad  l i s t e d  under  'SITEt i s  t h e  one i n v e s t i g a t e d .  
S i t e  








2 N = Northbound; E = Eastbound; S  = Southbound; 
W = Westbound ( f o r  ahead-only movements.) 
3 A = Ahead o n l y ;  AL = ~ h e a d / L e f t .  
Table  2.8.1-1 Summary of t h e  s t u d y  si tes 
Turn ing  3 
D i r e c ~ ~ o v e m e n t s  
I n v e s t i -  















S i t e  1 
Thornton R o a d / ~ n g l e b y  Road 
1 1 - ~ ~ . 1 1 . . ~ ~ ~ I - o ~ - - . . - - - - - ~ o - - L - - - o ~ ~ ~ o . I I I I ~ ~ ~ ~ ~ I I . , I ~ I ~ ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~  
Manningham Lane/Queens 
Road 
- 1 0 . 0 ~ ( . . - . . 1 1 ~ - - ~ - - - ~ - - . I ~ - - - - - L 0 ~ - ~ - 0 ~ 0 . ~ ~ 0 ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  




S t r e e t  
~~..~1~11..~~.~.11~....1..,0~~~.~~.0~1...~~~~0~~.~0.~~~..-.I~.0-~~1.0-0~-~0~-. 
St rea tham Hi l l /S t r ea tham 
P l a c e  
. . - o ~ ~ . . . ~ , . . . o ~ 1 ~ ~ . ~ o ~ I . . . . ~ ~ ~ ~ o - . . ~ . . - - ~ ~ o ~ ~ ~ o ~ ~ o . I I I I I ~ . I I o o I I I I ~ ~ . - . - - - - - - - -  
Chr i s t chu rch /Br ix ton  H i l l  
p-pp 







T a b l e  ( 2.8.1-2) 
SITE 
(1) 
( 2 )  
( 3 )  
Summary o f  o n e  h o u r  sample  d a t a  showing t o t a l s  and  p e r c e n t a g e s  o f  v e h i c l e s  i n  t h e  
v a r i o u s  c l a s s e s  t o g e t h e r  w i t h  a v e r a g e  t i m e s  p e r  o b s e r v a t i o n .  
C o n t i n u e d .  
Condi- 
t i o n  a t  
F i l m i n g  
Dry 
and  
C l e a r  
Dry 
a n d  
C l e a r  
Dry 
and  
C l e a r  







L i g h t  
Goods 




1 0 %  




V e h i c l e  
118  
9 %  
130  
8% 
1 2 3  
7 %  
A r t i c .  
Goods 
V e h i c l e  




1 3 8  
9% 
Motor 







C a r s  
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1306 
1 5 4 0  
1 6 3 3  
T o t a l  












Time p e r  
Obs. 












0 0  
a u a  
a, k >  
7 Q ) k  
c aa, 
-4 U1 
+J a a  






I c l m  
O Q )  




Q ) Q )  
P o ; :  
k q n  a Q) ' s ;OL?  
$ -4 - 
4 D 
U) 
O ' u A  
z o o  
C5 
rl 
m a m 
JJ E u 
0-4 0) 









> ,  
ur 
al C 
JJ ml-l .r(^ 
c a  0 CJJ 
m o - ~  u w  
- 4 O C 3 Q )  
d U Q ) + J d  ? - 
V' 
C -  
m -4 4J 
!-I C ' u  
a k a ,  









0 m r l  
-r(a u 
JJ 0 -4  
Ll O C  4 w  Q) 
> 
a, 
h m d  
3a u 
m 0.4 
Q) O C  
x u  a, 
> 
a, 
JJ m r l  
c a  u 
tn 0 -4 








I r d C  
4 c-2 
c orc 
0 .rl -4 







Q, O r p  


































N W  
rl 10 
d 
k ha m 









































k ha a 
k C a )  











































~ i 5  m k c 0  





2.8.2 - S a t u r a t i o n  f l o w s  a n d  lost  t i m e  
S a t u r a t i o n  f l o w s  were o b t a i n e d  from t h e  a n a l y s i s  
o f  t h e  o b s e r v e d  d a t a  a t  t h e  s i x  s i tes  and  t h e y  are shown 
i n  t a b l e  2.8.2-1. D e s c r i p t i o n  o f  t h e  si tes and method o f  
o b s e r v a t i o n  are d i s c u s s e d  i n  s e c t i o n s  2.5 and 2.6  o f  t h i s  
c h a p t e r .  A t  t h e  a p p r o a c h e s  t h e r e  were c o n t i n u o u s  queues  
even  a t  t h e  end o f  t h e  g r e e n  p e r i o d .  The c o m p o s i t i o n  o f  
t h e  t r a f f i c  a t  e a c h  s i t e  is  as shown i n  t a b l e  2.8.1-2. 
It w a s  found t h a t  s a t u r a t i o n  f l o w s  c a r y  between 
1 ,760  t o  1 , 9 9 6  pcu/h. T h i s  v a r i a t i o n  i s  due  t o  t h e  app- 
r o a c h e s '  g e o m e t r i c a l  f e a t u r e s  and t r a f f i c  compos i t ion .  . 
S a t u r a t i o n  f l o w s  w e r e  found t o  be c o n s t a n t  th rough-  
o u t  t h e  g r e e n  p e r i o d  a t  a l l  s i tes .  T h i s  i s  because  t h e  
t r a f f i c  queue  f o r m a t i o n  w a s  c o n f i n e d  t o  t h e  a p p r o a c h  l a n e .  
F i g u r e  2.8.2-1 shows t h e  l o s t  t i m e  d i s t r i b u t i o n  
between sites. The a v e r a g e  s t a r t i n g  l o s t  t i m e  w a s  1 . 3 5 6 s  
and t h e  s t a n d a r d  d e v i a t i o n  o v e r  t h e  s i t e -mean  v a l u e s  w a s  
0.535s; c o r r e s p o n d i n g  f i g u r e s  f o r  t h e  end  l o s t  t i m e  were 
0.837s and 1 .018s  r e s p e c t i v e l y .  These v a l u e s  a r e  lower  
t h a n  t h e  a c c e p t e d  v a l u e  o f  2 s  which i n d i c a t e s  h i g h e r  
manoeuvring performance  by a l l  v e h i c l e  t y p e s  i n  t h e  p r e s e n t  
c o m p o s i t i o n  of  t h e  t r a f f i c  f low.  
Approach Average Observed Observed E f f e c t i v e  
Width Number Green Av. I n i t i a l  Av. End Number Green S a t u r a t i o n  
o f  Lanes Time L o s t  Time L o s t  Time o f  T i m e  Flow 
(secs. ) (secs. ) (secs.) O b s e r v a t i o n s  (secs.) (PCU/HR/LN; 
Thornton Rd./ 
Whet le t  Lane 
( B r a d f o r d )  
Manningham 
Lane 
( B r a d f o r d )  
Woodhouse 
Lane (Leeds)  
Heading l e y  
Lane (Leeds)  
S t rea tham H i l l  
( London ) 
C h r i s t c h u r c h  
( London) 
T a b l e  2 .8 .2-1  A n a l y s i s  o f  t r a f f i c  p a r a m e t e r s  showing s a t u r a t i o n  f l o w s ,  g r e e n  t i m e  and  l o s t  t i m e s .  
INITIAL OST TIME 
.F 
END LOST TIME 
T o t a l  N o .  of S i t e s  = 6 
F i g u r e  2 . 8 . 2 - 1  I n i t i a l  a n d  End  L o s t  T i m e s  D i s t r i b u t i o n  
2.8.3 - Passenger car unit  values 
The a n a l y t i c a l  method o u t l i n e d  i n  s e c t i o n  2 .7 .2  
of  t h i s  c h a p t e r  was used t o  o b t a i n  passenger  c a r  u n i t  
v a l u e s  by u t i l i z i n g  t h e  d a t a  o b t a i n e d  from s i x  s i g n a l i z e d  
i n t e r s e c t i o n s  i n  Bradford,  Leeds and London. Equat ion 
2.7.2-4 was used i n  a m u l t i p l e  r e g r e s s i o n  computer program 
(SPSS) t o  compute t h e  c o e f f i c i e n t s  f o r  each  v a r i a b l e .  
For  each  s i g n a l i z e d  i n t e r s e c t i o n  a s e t  of 100 e q u a t i o n s  
were used as  a n  i n p u t  t o  t h e  computer program. The number 
of  independent v a r i a b l e s  (number of v e h i c l e s  i n  each c lass)  
i n  t h e  r e g r e s s i o n  e q u a t i o n  va ry  from s i te  t o  s i te  acco rd ing  
t o  t h e  t y p e s  of movement cons idered .  For s i tes  (1 ) , ( 2  ) , 
( 3 )  and (6) t h e  number of  independent  v a r i a b l e s  cons idered  
w e r e  seven,  t h e s e  i n c l u d e  passenger  cars, l i g h t  goods ve- 
h i c l e s ,  heavy goods v e h i c l e s ,  b u s e s / a r t i c u l a t e d  goods ve- 
h i c l e s ,  motor c y c l e s ,  cars and l i g h t  goods v e h i c l e s  t u r n i n g  
l e f t .  A t  s i te  ( 4 )  t h e  number of  independent  v a r i a b l e s  
cons idered  were s i x .  They a r e  t h e  s a m e  a s  t h o s e  i n  t h e  
p rev ious  s i t e s  excep t  f o r  l i g h t  goods v e h i c l e s  t u r n i n g  l e f t .  
Because t h e  l a n e  cons ide red  a t  t h e  approach of s i t e  (5) w a s  
e x c l u s i v e l y  f o r  s t r a i g h t - a h e a d  movements t h e  number of 
independent v a r i a b l e s  w e r e  f i v e .  These comprise passenger  
c a r s ,  l i g h t  goods v e h i c l e s ,  heavy goods v e h i c l e s ,  buses/  
a r t i c u l a t e d  goods v e h i c l e s  and motor c y l e s ,  s e e  t a b l e  
(2 .8 .1-1) .  Samples of  computer i n p u t s  are g iven  i n  
Appendix B and samples of computer o u t p u t s  are g iven  i n  
Appendix C . 
The t h r e e  t y p e s  of m u l t i p l e  r e g r e s s i o n  a n a l y s i s  
used t o  c a l c u l a t e  passenger  car u n i t  values and t h e i r  
s t a t i s t i ca l  r e s u l t s  are a s  shown i n  t h e  computer o u t p u t  i n  
Appendix C . These r e s u l t s  a r e  summarized and p re sen ted  
i n  t a b u l a r  form. For each  s i t e  i n v e s t i g a t e d  t h e  r e s u l t s  
are given i n  two t a b l e s .  The f i r s t  shows t h e  r e s u l t s  
o b t a i n e d  from t h e  t h r e e  r e g r e s s i o n  methods o u t l i n e d  i n  
s e c t i o n  2.7.3 of  t h i s  c h a p t e r  and t h e  second t a b l e  g i v e s  
va lues  of t h e  r e s u l k s .  
Table  2.8.3-1 shows t h e  r e s u l t s  of computed 
passenger  car u n i t  v a l u e s  f o r  s i t e  (1) (Thornton Road, 
Brad fo rd ) .  Table  2.8.3-2 shows t h e  average  v a l u e s  of 
passenger  c a r . u n i t s .  Using average  PCU v a l u e s  t h e  f i n a l  
e q u a t i o n  f o r  s i t e  (1) is as fo l lows:  
S.F. = X1 + l . l l X  +1.70X +2.10X4+0.35X5+1.12X6+1.20X7 2 3  
F = (1052)  (1601)  (2661)  (3545)  ( 6 1 . 3 )  (1029)  (765 .3)  
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SITE (1) 
T a b l e  2 .8 .3 -1  P a s s e n g e r  car u n i t  v a l u e s  a t  T h o r n t o n  Road, 
B r a d f o r d .  
> 
V e h i c l e  
TYPe 
P a s s e n g e r  C a r  
C 
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & Buses  
AGV & B 
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t )  
C~ 
L i g h t  Goods V e h i c l e  
( t u r n i n g  l e f t  
LGVL 
P a s s e n g e r  C a r  U n i t  V a l u e s  
( s t a n d a r d  errors are g i v e n  i n  b r a c k e t s )  
F o r w a r d  
R e g r e s s i o n  
1 - 0 0  
(0 .0097  
............................................................ 
1 . 1 2  
( 0 . 0 2 8 )  
............................................................ 
1 . 7 0  
( 0 . 0 3 3 )  
............................................................ 
2.10 
( 0 . 0 3 4 )  
............................................................ 
0.3'6 
. ( 0 . 0 4 5 )  
............................................................ 
1 . 1 2  
( 0 . 0 3 5 )  
............................................................ 
1 . 2 2  
( 0 . 0 4 4 )  
Backward 
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 1 6 )  
1.11 
( 0 . 0 3 6 )  
1 . 7 0  
( 0 . 0 4 2 )  
2 .10  
( 0 . 0 3 9 )  
0 .34 
( 0 . 0 4 7 )  
1 . 1 2  
( 0 . 0 3 7 )  
1 . 2 0  
( 0 . 0 5 1 )  
S t e p w i s e  
R e g r e s s i o n  
1 - 0 0  
( 0 . 0 1 6 )  
1.11 
( 0 . 0 3 5 )  
1 . 7 0  
( 0 . 0 4 2 )  
2 .10  
( 0 . 0 3 9 )  
0.34 
( 0 . 0 4 8 )  
1 . 1 2  
( 0 . 0 3 7 )  
1 . 2 0  
( 0 . 0 5 1 )  
SITE ( 1 )  
Table ( 2 . 8 . 3 - 2 )  Mean Passenger  Car U n i t  V a l u e s  
from computer r e g r e s s i o n  a n a l y s i s  









Mean PCU's V a l u e s  
( s t a n d a r d  errors are 
i n  b r a c k e t s )  
1 . 0 0  
( 0 . 0 1 3 9 )  
..................................................... 
1 . 1 1 3  
( 0 . 0 3 3 )  
..................................................... 
1 . 7 0  
( 0 . 0 3 9 )  
,.................*..).........................--***- 
2 . 1 0  
( 0 . 0 3 7 3 )  
..................................................... 
0'. 347 
( 0 . 0 4 7 )  
..................................................... 
1 . 1 2  
( 0 . 0 3 6 )  
....................................................... 
1 . 2 0 7  
( 0 . 0 4 9 )  
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SITE ( 2 )  
T a b l e  2 .8 .3-3 P a s s e n g e r  car u n i t  v a l u e s  a t  Manningham 
Lane,  B r a d f o r d .  
t 
V e h i c l e  
TYPe 
P a s s e n g e r  C a r  
C 
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & Busea 
AGV & B 
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t  1 
C~ 
L i g h t  Goods V e h i c l !  
( t u r n i n g  l e f t )  
LGVL 
d 
P a s s e n g e r  C a r  U n i t  Values 
( s t a n d a r d  e r r o r s  g i v e n  i n  b r a c k e t s )  
Forward 
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 1 5 )  
............................................................ 
1 .09  
( 0 . 0 4 6 )  
............................................................ 
1 . 8 1  
( 0 . 0 5 0 )  
............................................................ 
1 . 9 0  
( 0 . 0 5 7 )  
............................................................ 
0.55 
( 0 . 0 7 1 )  
............................................................ 
1.12  
( 0 . 0 5 6 )  
............................................................ 
1 . 2 0  
(0 .078  
Backward 
R e g r e s s i o n  
1 .00  
( 0 . 0 2 2 )  
1 .10  
( 0 . 0 5 0 )  
1 . 7 8  
( 0 . 0 4 5 )  
1 . 9 0  
( 0 . 0 5 0 )  
0.56 
( 0 . 0 7 2 )  
1 .12  
( 0 . 0 5 6 )  
1 . 2 0  
( 0 . 0 7 9 )  
S t e p w i s e  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 2 2 )  
1 .10  
( 0 . 0 5 0 )  
1 .78  
( 0 . 0 5 0 )  
1 . 9 0  
( 0 . 0 6 4 )  
0.56 
( 0 . 0 7 2 )  
1 . 1 2  
( 0 . 0 5 7 )  
1 . 2 0  
( 0 . 0 7 9 )  
SITE (2) 
Veh ic l e  
Type 
Mean PCU's Values  
( s t a n d a r d  e r r o r s  are 
i n  b r a c k e t s )  
AGV I 
Table  (2.8.3-4) Mean Passenger  C a r  Unit Values 
from computer r e g r e s s i o n  a n a l y s i s  
SITE ( 3 )  
T a b l e  2.8.3-5 P a s s e n g e r  car u n i t  v a l u e s  a t  Woodhouse Lane ,  
Leeds  . 
V e h i c l e  
Type 
P a s s e n g e r  C a r  
C  
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & Buses  
AGV & B  
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t )  
C~ 
L i g h t  Goods V e h i c l e  
( t u r n i n g  l e f t )  
LGVL 
* 
P a s s e n g e r  C a r  U n i t  V a l u e s  
( s t a n d a r d  e r r o r s  are g i v e n  i n  b r a c k e t s )  
Forward 
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 0 9 )  
............................................................ 
1 . 0 5  
( 0 . 0 3 2 )  
............................................................ 
1 . 7 5  
( 0.036)  
............................................................ 
2 .01  
( 0 . 0 3 4 )  
............................................................ 
0.31 
( 0 . 0 5 3 )  
............................................................ 
1.02  
( 0 . 0 5 1 )  
............................................................ 
1 . 2 0  
( 0 . 0 6 4 )  
Backward 
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 3 0 )  
1 .05  
(0 .0471 
1 . 7 6  
( 0 . 0 4 9 )  
2 .01  
( 0 . 0 4 7 )  
0.30 
( 0 . 0 5 5 )  
1 .02  
( 0 . 0 5 4 )  
1 .17  
( 0 . 0 7 1 )  
S t e p w i s e  
R e g r e s s i o n  
1 
1 . 0 0  
( 0 . 0 3 0 )  
1 . 0 5  
( 0 . 0 4 7 )  
1 . 7 6  
( 0 . 0 4 9 )  
2 . 0 1  
( 0 . 0 4 7 )  
0.30 
( 0 . 0 5 5 )  
1 .02  
( 0 . 0 5 4 )  
1 . 1 7  
( 0 . 0 7 1 )  
SITE (3) 
Table ( 2 . 8 . 3 - 6 )  Mean Passenger Car Uni t  Values 










Mean PCU's Values 






















S I T E  ( 4 )  
T a b l e  2.8.3-7 P a s s e n g e r  car u n i t  v a l u e s  a t  H e a d i n g l e y  Lane, 
Leeds  . 
, 
V e h i c l e  
TYPe 
P a s s e n g e r  C a r  
C  
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & B u s e s  
AGV & B  
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t  
C~ 
L i g h t  Goods V e h i c l e  
( t u r n i n g  l e f t )  
LGVL 
P a s s e n g e r  C a r  U n i t  V a l u e s  
( s t a n d a r d  errors are given i n  b r a c k e t s )  
Fo rward  
Regression 
1 . 0 0  
( 0 . 0 0 7 8 )  
............................................................ 
1 . 1 6  
( 0 . 0 2 9 )  
............................................................ 
1 . 7 1  
( 0 . 0 3 1 )  
............................................................. 
2.04 
( 0 . 0 2 9 )  
............................................................ 
0.42 
( 0 , 0 4 7 )  
............................................................ 
1.11 





R e g r e s s i o n  
1 . 0 0  
( 0 . 0 2 6 )  
1 . 1 6  
( 0 . 0 3 9 )  
1 . 7 3  
( 0 . 0 4 2 )  
2.09 
( 0 . 0 4 2 )  
0 .41  
( 0 . 0 4 7 )  
1 . 1 4  
( 0 . 0 4 6 )  
-- 
-- 
S t e p w i s e  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 2 6 )  
1 . 1 6  
( 0 . 0 3 9 )  
1 . 7 3  
( 0 . 0 4 2 )  
2.09 
( 0 . 0 4 2 )  
0 .41  
( 0 . 0 4 7 )  
1 . 1 4  
( 0 . 0 4 5 )  
-- 
-- 
SITE ( 4 )  
Table  (2.8.3-8) Mean Passenger  C a r  Un i t  Va lues  
from computer r e g r e s s i o n  a n a l y s i s  









Mean PCU's Values  
( s t a n d a r d  e r r o r s  are  
i n  b r a c k e t s )  
1 . 0 0  
( 0 . 0 2 0 )  
..................................................... 
1 . 1 6  
( 0 . 0 3 7 )  
..................................................... 
1 .72  
( 0 , 0 3 8 )  
.....................)........................*.*-**. 
2.07 
( 0 . 0 3 8 )  
.....................,............................... 
0 .41  
( 0 , 0 4 7 )  
..................................................... 
1 . 1 3  




SITE ( 5 )  
T a b l e  2.8.3-9 P a s s e n g e r  car u n i t  v a l u e s  a t  S t r e a t h a m  H i l l ,  
London. 
I 
V e h i c l e  
Type 
P a s s e n g e r  C a r  
C 
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & B u s e s  
AGV & B 
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t  ) 
=L 
L i g h t  Goods Vehicll :  
( t u r n i n g  l e f t  
LGVL 
P a s s e n g e r  C a r  U n i t  Va lues  
( s t a n d a r d  errors  are g i v e n  i n  b r a c k e t s )  
Fo rward  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 1 1 )  
............................................................ 
1 . 0 0  
( 0 . 0 5 3 )  
............................................................ 
1 . 6 0  
( 0 . 0 6 6 )  
............................................................ 
1 . 9 4  
( 0 . 0 6 9 )  
............................................................ 
0.30 








R e g r e s s i o n  
1 . 0 0  
( 0 . 0 3 9 )  
1 . 0 0  
( 0 . 0 6 7 )  
1 . 6 4  
( 0 . 0 7 4 )  
1 . 9 9  
( 0 . 0 7 5 )  
0 .30  





S t e p w i s e  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 3 9 )  
1 . 0 0  
( 0 . 0 6 7 )  
1 . 6 4  
( 0 . 0 7 4 )  
1 . 9 9  
( 0 . 0 7 5 )  
0 .30  






T a b l e  ( 2 . 8 . 3 - 1 0 )  Mean P a s s e n g e r  C a r  U n i t  V a l u e s  
from c o m p u t e r  r e g r e s s i o n  a n a l y s i s  
+ 









Mean PCU's V a l u e s  
( s t a n d a r d  errors are 
i n  b r a c k e t s  ) 
1 . 0 0  
( 0 . 0 3 )  
..................................................... 
1 . 0 0  
( 0 . 0 6 2 )  
..................................................... 
1 . 6 3  
( 0 . 0 7 1 )  
.....................)......................**..*-**** 
1 . 9 7  
( 0 . 0 7 3 )  
..................................................... 
0 . 3 0  








SITE ( 6 )  
T a b l e  2 .8 .3-11 P a s s e n g e r  car u n i t  v a l u e s  a t  C h r i s t c h u r c h ,  
London. 
I 
V e h i c l e  
Type 
P a s s e n g e r  C a r  
C  
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & B u s e s  
AGV & B 
Motor C y c l e  
MC 
P a s s e n g e r  C a r  
( t u r n i n g  l e f t  
C~ 
L i g h t  Goods V e h i c l e  
( t u r n i n g  l e f t  1 
LGVL 
P a s s e n g e r  C a r  U n i t  V a l u e s  
( s t a n d a r d  errors are g i v e n  i n  b r a c k e t s )  
Fo rward  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 0 6 9 )  
............................................................ 
1 . 1 8  
( 0 . 0 3 5 )  
............................................................ 
1 . 6 8  
( 0 . 0 3 1 )  
............................................................ 
2.00 
( 0 . 0 3 4 )  
............................................................ 
0.32 
( 0 . 0 4 6 )  
............................................................ 
1 . 0 3  
( 0 . 0 3 6 )  
............................................................ 
1 . 2 2  
( 0 . 0 3 4 )  
Backward 
Regression 
1 . 0 0  
( 0 . 0 2 8 )  
1 . 1 8  
( 0 . 0 5 8 )  
1 . 6 7  
( 0 . 0 3 9 )  
1 . 9 8  
( 0 . 0 3 9 )  
0.32 
( 0 . 0 4 8 )  
1 . 0 3  
( 0 . 0 4 0 )  
1 . 2 3  
( 0 . 0 3 8 )  
S t e p w i s e  
R e g r e s s i o n  
1 . 0 0  
( 0 . 0 2 8 )  
1 .18  
( 0 . 0 5 8 )  
1 .67  
( 0 . 0 3 9 )  
1 . 9 8  
( 0 . 0 3 9 )  
0.32 
( 0 . 0 4 8 )  
1 . 0 3  
( 0 . 0 4 0 )  
1 . 2 3  
( 0 . 0 3 8 )  
SITE (6) 
 







Mean PCU's Va lues  
( s t a n d a r d  errors are 
i n  b r a c k e t s )  
T a b l e  (2.8.3-12) Mean P a s s e n g e r  C a r  U n i t  Va lues  
from computer  r e g r e s s i o n  a n a l y s i s  
where X X , X  ... X are number of v e h i c l e  t y p e s  con- 1' 2 3  7 
s i d e r e d  a t  each  s i te .  
The "F" and " t "  v a l u e s  g iven  i n  t h e  b r a c k e t s  
were found t o  be h i g h l y  s i g n i f i c a n t  a t  l e v e l s  of 0.01 and 
0.001 p e r  c e n t .  They exceeded t h e  t a b u l a r  v a l u e s  of "F" 
which e q u a l s  2.96 and 4.04 r e s p e c t i v e l y  and " t "  which 
e q u a l s  3.143 and 5.208 r e s p e c t i v e l y .  
To test  t h e  o v e r a l l  s i g n i f i c a n c e  of t h e  reg-  
r e s s i o n ,  t h e  fo l lowing  v a l u e s  w e r e  ob t a ined :  
R = 0.99993 R' = 0.99986 S tandard  e r r o r  = 0.3085 
F = 99016.86 S i g n i f i c a n t  F = 0.00 
The "F" va lue  exceeded t h e  t a b u l a r  va lue  a t  
l e v e l s  of 0.01 and 0.001 p e r  c e n t  s o  it is  h i g h l y  s i g n i f i -  
c a n t .  Therefore  t h e  h y p a t h e s i s  i s  accep ted  t h a t  t h e  
r e g r e s s i o n  parameters  are s i g n i f i c a n t l y  r e l a t e d .  
S i m i l a r l y  t h e  f i n a l  e q u a t i o n s  f o r  t h e  remainder 
of t h e  f i v e  si tes and t h e i r  s t a t i s t i c a l  r e s u l t s  are as  
fo l lows:  
i - S i t e  ( 2 ) ,  (Manningham Lane, ~ r a d f o r d ) .  
S.F. = X1 +1.80X2+1.79X +1.9X4 +0.56X5+1.12X +1.20X7 3  6 
R = 0 .99988  R' = 0.99977 STD = 0 .44294  
F ( o v e r a l l )  = 57574  S i g n i f i c a n t  F = 0 . 0 0  
F ( t a b u l a r )  a t  0 . 0 1  p e r  c e n t  = 2 . 9 6  
F ( t a b u l a r )  a t  0 . 0 0 1  p e r  c e n t  = 4 .04  
t ( t a b u l a r )  a t  0 . 0 1  p e r  c e n t  = 3 . 1 4 3  
t ( t a b u l a r )  a t  0 . 0 0 1  p e r  c e n t  = 5 . 2 0 8  
ii - S i t e  ( 3 ) ,  (Woodhouse  L a n e ,  L e e d s ) .  
S.F. = XL + 1.05X2+1.76X3+2.01X4+0.30X5+l.02X .+1.18X 
6 7  
F = ( 1 2 3 7 7 )  ( 1 0 6 3 )  ( 2 4 1 2 )  ( 3 4 5 3 )  ( 3 3 . 9 )  ( 3 9 7 . 8 )  ( 3 4 1 . 2 )  
R  = 0 .99994  R' = 0.99988 STD = 0 .33083  
F (ove ra l l )  = 1 1 3 6 1 6 . 7 3  S i g n i f i c a n t  F = 0 .000  
F ( t a b u l a r )  a t  0 . 0 1  a n d  a t  0 . 0 0 1  p e r  cent  = 2. 96  a n d  
4 .  04 r e s p e c t i v e l y  
t ( t a b u l a r )  a t  0 . 0 1  a n d  a t  0 . 0 0 1  p e r  c e n t  = 3 . 1 4 3  a n d  
5 . 2 0 8  r e s p e c t i v e l y .  
iii - S i t e  ( 4 1 ,  ( ~ e a d i n g l e y  L a n e ,  L e e d s ) .  
S.F. = X1. c1.16X +1.72X3+2.O7X4+O.41x5+1.13X6 2  
R  = 0.99995 R '  = 0 .99990  STD = 0.29297 
F (overa l l )  = 1 5 6 2 5 2 . 0 6  S i g n i f i c a n t  F = 0.000 
F ( t a b u l a r )  a t  0 . 0 1  and a t  0 . 0 0 1  p e r  c e n t  = a s  a b o v e  
t ( t a b u l a r )  a t  0 . 0 1  and a t  0 . 0 0 1  p e r  c e n t  = as  a b o v e  
iv - S i t e  ( 5 ) ,  ( S t r e a t h a m    ill,   on don). 
S.F.  = X1 
+X2 
+1.63x3 +1.97X4 +0.30X5 
R = 0 .99980  R '  = 0.99959 STD = 0.55136 
F  ( o v e r a l l )  .= 46800  S i g n i f i c a n t  F = 0.00 
F ( t a b u l a r )  a t  0 . 0 1  and a t  0 .001  per c e n t  = a s  a b o v e  
t ( t a b u l a r )  a t  0 . 0 1  a n d  a t  0 . 0 0 1  p e r  c e n t  = a s  above 
v - S i t e  ( 6 ) ,  ( C h r i s t c h u r c h ,  London). 
S.F. = X 1 +1.18X2+1.67X +1.99X +0.32X +1.03X6+1.23X7 3 4 5  
R = 0.99994 R~ = 0.99989 STD = 0.27016 
F ( o v e r a l l )  = 118203.25 S i g n i f i c a n t  F = 0.000 
F ( t a b u l a r  a t  0.01 and a t  0.001 p e r  c e n t  = as above 
t ( t a b u l a r )  a t  0.01 and a t  0.001 p e r  c e n t  = as above 
The computed r e s u l t s  and t h e  co r r e spond ing  "F" 
and t - tes t  v a l u e s  o b t a i n e d  from s t a t i s t i c a l  t a b l e s  i n d i -  
c a t e d  t h a t  t h e  computed pa s senge r  c a r  u n i t  v a l u e s  a t  a l l  
sites a r e  s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t .  
Tab le  2.8.3-13 shows summary of t h e  r e s u l t s ,  and 
t a b l e  (2.8.3.-14) ,shows t h e  ave rage  pa s senge r  c a r  u n i t  v a l u e s  
which w e r e  o b t a i n e d  a t  t h e  s i x  s i tes  i n v e s t i g a t e d .  
The computed v a l u e s  are a lmos t  t h e  same i n  a l l  
sites. They show t h e  e f f e c t  of  v e h i c l e  t y p e  i n  t h e  com- 
p a r i s o n  between t h e  r e s u l t s  of  s t r a i g h t - a h e a d  o n l y  and 
l a n e s  of s t r a i g h t - a h e a d  and l e f t - t u r n i n g  t r a f f i c .  
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T a b l e  2.8.3-14 A v e r a g e  p a s s e n g e r  car u n i t  v a l u e s  a t  
a l l  si tes.  
Type 
of 
v e h i c l e  










v a l u e  
1 . 0 0  
.................................................... 
1 . 1 0  
B . . . . . . . . . . . . . . . . . . . . ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  
1 . 7 1  
..................................................... 
2 .01  
P . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  
0.37 
.................................................... 
1 . 0 8  
.................................................... 
1 . 2 0  
Because of t h e  wide range of d a t a  obta ined  a t  
t h e  s i x  si tes,  t h e  r e s u l t s  of t h e  passenger c a r  u n i t  
va lues  could be considered as a va luable  , r ep resen ta t ion  of 
t h e  t r a f f i c  composition a t  t h e  s i g n a l i z e d  i n t e r s e c t i o n s .  
2.9 - Comparison of results with existing v a l u e s  
2.9.1 - Saturation f l o w s  
The average  s a t u r a t i o n  f low v a l u e s  f o r  a number 
of  s t u d i e s  t o g e t h e r  w i t h  average  v a l u e s  o b t a i n e d  f o r  t h i s  
r e s e a r c h  s t u d y  a r e  l i s t e d  i n  t a b l e  (2.9.1-1).  
S a t u r a t i o n  f low v a l u e s  ob ta ined  i n  t h i s  s t u d y  
were based on o b s e r v a t i o n  of s t r a i g h t  ahead and l e f t -  
t u r n i n g  t r a f f i c  and t h e  assumption of ze ro  g r a d i e n t .  Lane 
wid th  i s  a n o t h e r  f a c t o r  i n  t h i s  s tudy ,  it w a s  found t o  have 
a n  average width  of 3.45m. 
The average  s a t u r a t i o n  f lows  w e r e  found t o  be 
s t a t i s t i c a l l y  s imilar ,  b u t  h i g h e r  f lows  were recorded a t  
S t rea tham H i l l  ( A 2 3 )  t r a f f i c  s i g n a l  approach,  London. A t  
t h i s  s i t e  s a t u r a t i o n  f lows  were found t o  be h i g h e r  because 
t h e  s i n g l e  l a n e  was des igna t ed  f o r  s t r a i g h t  ahead on ly .  
The comparison between p r e d i c t e d  f low va lues  ( 5 5 ) a n d  t h e  
ob ta ined  va lues  i n  t h i s  s t u d y  showed good agreement. 
The r e s u l t s  of  t h i s  s t u d y  shown i n  t a b l e  
2.9.1-1 and t h e  r e c e n t  r e s u l t s  of t h e  T ranspor t  and Road 
Research Laboratory ( 5 7 ) ,  i n d i c a t e  t h a t  s a t u r a t i o n  f lows  
a t  t r a f f i c  s i g n a l  approaches  i n c r e a s e d  du r ing  t h e  l a s t  
decade. This  i s  due t o  h igh  v e h i c l e  manoeuvring per-  
formance and t h e  g e n e r a l  improvement i n  i n t e r s e c t i o n  des ign .  
TABLE 2.9.1-1 
Comparison between studies of saturation flows 
for single lanes containing unopposed traffic 



































2.9.2 - Mixed turning movement l a n e s  
There h a s  been a l i m i t e d  amount of work r e p o r t e d  
e l sewhere  on t h e  e f fec t  of  t u r n i n g  t r a f f i c  on s a t u r a t i o n  
f low.  This  a p p l i e s  e s p e c i a l l y  t o  l a n e s  c o n t a i n i n g  un- 
opposed'mixed t u r n i n g  t r a f f i c  and t h e  e f f e c t  of v e h i c l e  
t ype  on t h i s  parameter .  Le f t - t u rn ing  movement of  passenger  
c a r s  and l i g h t  goods v e h i c l e s  were i n v e s t i g a t e d  i n  t h i s  r e -  
s e a r c h  s tudy  a t  a l l  l a n e s  c o n t a i n i n g  s t r a igh t - ahead  and 
l e f t - t u r n i n g  unopposed movement. 
The e f f e c t  of a l e f t - t u r n i n g  passenger  c a r  w a s  
found t o  be e q u i v a l e n t  t o  1.08 PCU when t u r n i n g  l e f t  and 
t h e  e f f e c t  of l i g h t  goods v e h i c l e s  were found t o  be equi -  
v a l e n t  t o  1.20 PCU when t u r n i n g  l e f t .  
Average ca r - to -ca r  headway t u r n i n g  l e f t  du r ing  
s a t u r a t i o n  f low p e r i o d s  w i t h  t h e i r  p r ecen tages  a r e  shown 
i n  F igu re  2 . 9 . 2 - . l  This  shows a n  i n c r e a s e  i n  headway 
va lues  a s  t h e i r  pe rcen tages  i n c r e a s e  i n  t h e  t o t a l  f low. 
Also it w a s  noted t h a t  t u r n i n g - r a d i u s  had a' g r e a t  e f f e c t  
i n  reduc ing  s a t u r a t i o n  f lows  a t  s i g n a l i z e d  junc t ions .  
The e f f e c t  of t u r n i n g - r a d i u s  on t r a f f i c  t u r n i n g  l e f t  had 
a g r e a t e r  e f f e c t  on buses ,  heavy commercial v e h i c l e s  and 
a r t i c u l a t e d  goods v e h i c l e s  which i n  some c a s e s  complete ly  
blocked t h e  j unc t ion  wh i l e  t u r n i n g .  The e f f e c t  of  l i g h t  
goods v e h i c l e s  t u r n i n g  l e f t  a t  t r a f f i c  s i g n a l  approaches  

y = 2.3017+0.2868X 
Headway 
(secs 
2  .8, 
2 .7  
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- 
F i g u r e  2 .9 .2-2  Average L i g h t  Goods V e h i c l e  t o  L i g h t  Goods V e h i c l e  Headway p e r  S t a n d a r d  
G r e e n  Time A g a i n s t  P e r c e n t a g e  o f  L e f t  T u r n i n g  V e h i c l e s .  
w e r e  found t o  be h i g h e r  t h a n  t h o s e  of passenger  cars. 
Average l i g h t  goods v e h i c l e - t o - l i g h t  goods v e h i c l e  
headway du r ing  s a t u r a t i o n  f low p e r i o d s  w i t h  t h e i r  percen- 
t a g e s  are shown i n  F igu re  2 . 9 . 2 - 2  which shows a  h i g h e r  
va lue  i n  headway t h a n  t h o s e  found f o r  passenger  cars. A 
p o s i t i v e  r e l a t i o n s h i p  between average  headway ( t h e  i n v e r s e  
of  s a t u r a t i o n  f low)  and t h e  p r o p o r t i o n  of t u r n i n g  v e h i c l e s  
w a s  d e t e c t e d .  The r e g r e s s i o n  l i n e  th rough  t h e  d a t a  i l l u -  
strates t h a t  headways i n c r e a s e  - o r  s a t u r a t i o n  f low de- 
c r e a s e s  - a s  t h e  pe rcen tages  of  t u r n i n g  t r a f f i c  i n c r e a s e s .  
2.9.3 - A Comparison of Computed and Existing Passenger 
Car U n i t  V a l u e s ,  
Passenger  c a r  u n i t  s t u d i e s  have been conducted by 
s e v e r a l  r e s e a r c h e r s  such as Webster ( 2 5 1 ,  who i n t r o d u c e d  
passenger  c a r  u n i t s  f o r  f i v e  t y p e s  of v e h i c l e s  which i n c l u d e  
t h e  fol lowing:-  
1 Goods v e h i c l e  (heavy o r  medium) 1 .75 PCU 
1 Bus 2 . 2 5  PCU 
1 Light  goods v e h i c l e  1 - 0 0  PCU 
1 Motor Cycle 0 . 3 3  PCU 
1 Pedal  Cycle 0.20 PCU 
The e f f e c t s  of motor c y c l e s  and peda l  c y c l e s  on 
s a t u r a t i o n  f low a t  t r a f f i c  s i g n a l s  w a s  s t u d i e d  by Holroyd 
( 6 4 )  , who in t roduced  t h e  fo l lowing  PCU e q u i v a l e n t s :  - 
1 Motorcycle,  moped o r  s c o o t e r  
1 Pedal  c y c l e  
. 3 3  PCU 
. 2 0  PCU 
Archer ( 83) c a r r i e d  o u t  a s t u d y  of t r a f f i c  f low 
through s e v e r a l  s i g n a l  c o n t r o l l e d  junc t ions  i n  t h e  London 
a r e a  t o  f i n d  o u t  t h e  e f f e c t  of r i g h t  and l e f t - t u r n i n g  
t r a f f i c  on t h e  l e v e l  of s a t u r a t i o n  f low through t h e  junc t ion .  
H e  s t u d i e d  a t o t a l  of s i x  approaches  a t  5 i n t e r -  
s e c t i o n s  and he concluded t h e  fo l lowing  PCU equ iva l en t s : -  
Right  t u r n s  
L e f t  t u r n s  
The Road Research Laboratory ( 53) had sugges ted  
t h e  u s e  of t h e  fo l lowing  pcu e q u i v a l e n t s  when measuring 
s a t u r a t i o n  f low a t  a s i g n a l i z e d  i n t e r s e c t i o n : -  
Heavy o r  medium goods v e h i c l e  1 .75 
Bus 2.25 
Tram 2.50 
L igh t  goods v e h i c l e  1.00 
Motorcycle 0.33 
Peda l  c y c l e  0.20 
Le f t - t u rn ing  1.25 
( i f  i n  e x c e s s  of 1 0 % )  
Right - tu rn ing  1 . 7 5  
H a r t  ( 7 8 )  cons idered  t h e  average  t i m e  gap f o r  
each type  of v e h i c l e  as  a n  i n d i c a t i o n  f o r  t h e  pcu equiva- 
l e n c e s  of t h e  v e h i c l e .  From h i s  r e s e a r c h  on 32 approaches  
of s i g n a l i z e d  i n t e r s e c t i o n s  he found o u t  t h e  fo l lowing  re- 
s u l t s :  - 
Ligh t  commercial 
Heavy commercial 
Truck w i t h  t r a i l e r  
Bus 
B icyc l e  





H e  s t a t e d  t h a t  h i s  o b s e r v a t i o n s  were i n s u f f i -  
c i e n t  t o  f i n d  t h e  l e f t  and r i g h t - t u r n i n g  e q u i v a l e n c e .  
Leong (55) i n  h i s  s t u d y  i n  A u s t r a l i a  on  pcu 
e q u i v a l e n c e s  i n t r o d u c e d  t h e  f o l l o w i n g  r e l a t i o n s h i p  f o r  S:- 
where 
S  = s a t u r a t i o n  f low/ lane  (veh /h r )  
CV = % commercial v e h i c l e s  
RT = % r i g h t - t u r n i n g  v e h i c l e s  
LT = % l e f t - t u r n i n g  v e h i c l e s  
and hence he deduced t h a t :  
Commercial v e h i c l e s  : Each 1% reduces  s a t u r a t i o n  
f l ow  by 0.70% ( r a n g e  of CV 
s t u d i e d  0-19% ) . 
Righ t - t u rn ing  v e h i c l e s :  Each 1% reduces  s a t u r a t i o n  
f low by 0.65% ( r a n g e  of  RT 
0-42%).  
Lef t - tu rn ing  v e h i c l e s :  Each 1% reduces  t h e  s a t u r a -  
t i o n  f low by 0.12% ( r a n g e  of 
LT 0-88%).  
Branston and Van Zuylen (61) used M u l t i p l e  L inea r  
Regress ion  t o  o b t a i n  pcu v a l u e s  of v e h i c l e  t y p e s  and t u r n i n g  
movement a t  one i n t e r s e c t i o n  which t h e y  s t u d i e d  i n  London. 
The fo l lowing  v a l u e s  were quoted i n  t h e i r  s tudy  
us ing  t h e  synchronous and t h e  asynchronous methods: 
Synchronous Asynchronous 
Van 1.28 1 . 1 4  
Bus 1 .61  1.79 
Commercial 1.59 1.74 
Motorcycle 0.08 0 .04 
Le f t - t u rn ing  0.89 0.89 
The asynchronous method w a s  recommended because 
it i s  no t  b i a sed  and needs no c o r r e c t i o n .  The low pcu 
va lue  of l e f t - t u r n s  w a s  due t o  many l e f t - t u r n i n g  movements 
a t  t h e  i n t e r s e c t i o n  s t u d i e d .  
Miller ( 5 2 )  s t u d i e d  t h e  passenger  car u n i t  equiva-  
l e n c e s  i n  A u s t r a l i a  u s i n g  headways and assuming t h a t  t h e  
headways a f t e r  t h e  f o u r t h  v e h i c l e  has  c ros sed  t h e  s top-  
l i n e  were c o n s t a n t .  H i s  s t u d i e s  showed t h a t  a  commercial 
v e h i c l e  i s  e q u i v a l e n t  t o  1 .85  b u t  f o r  s i m p l i c i t y  he recom- 
mended t h e  use  of 2.0 pcu '  s.  Lef t - t u r n i n g  movement i s  
e q u i v a l e n t  t o  1 .25  whereas r i g h t - t u r n i n g  movement h a s  a 
pcu equ iva l ence  of  2.9. Branston ( 7 9 )  found t h a t  pcu 
v a l u e s  tended t o  i n c r e a s e  a s  s a t u r a t i o n  f low i n c r e a s e d  a t  
a si te.  This  impl ied  t h a t  w i t h i n  t h e  c a p a b i l i t i e s  of  
t h e i r  v e h i c l e s ,  d r i v e r s  of commercial v e h i c l e s  and buses  
main ta ined  t h e  same t i m e  headway of t h e  v e h i c l e  i n  f r o n t  
i r r e s p e c t i v e  of t r a f f i c  and s i t e  c o n d i t i o n s .  The 
fo l lowing  v a l u e s  w e r e  quoted i n  h i s  s t u d y  a s  " t y p i c a l  
va lues"  as  a r e s u l t  of h i s  a n a l y s i s : -  
Bus 1.70 
Commercial (medium) 1.33 
Commercial (heavy)  1.70 
Pedal  c y c l e s  and motorcyc les  had ve ry  l i t t l e  
e f f e c t  on s a t u r a t i o n  f low i f  t h e i r  p r o p o r t i o n  w a s  l e s s  
t h a n  2 0 %  and s o  t h e y  could  be ignored .  For pe rcen tages  
g r e a t e r  t h a n  20, t h e  pcu of motorcycles  w a s  0.15 and 
t h a t  of peda l  c y c l e s  was 0.10. A s  f o r  l e f t - t u r n e r s ,  
Branston found t h a t  i f  t h e  s i t e  l a y o u t  w a s  such t h a t  
s t r a i g h t  on cars could o v e r t a k e  a l e f t - t u r n i n g  c a r  i n  t h e  
j unc t ion ,  t h e  pcu va lue  w a s  g e n e r a l l y  1 .0 .  I f  no t  t h e n  
t h e  pcu va lue  w a s  on average  1 .33.  B r a n s t o n ' s  sample 
s i z e s  ranged between 700 and 2700 v e h i c l e s  f o r  t h e  d i f -  
f e r e n t  t y p e s  s t u d i e d .  
J o u b e r t  (80 1,  i n  Southampton showed t h a t  t h e  
pcu equ iva l ence  of a commercial v e h i c l e  w a s  1.34 and t h a t  
o f  a bus was 1 .76,  whereas a motorcycle  was 0.81 pcu. 
White showed t h e  fo l lowing  r e s u l t s : -  
Commercial v e h i c l e  1 .71  PCU 
Two-wheeler 0.59 PCU 
I n  t h e  s t u d y  by McDonald (82) i n  which 1 4  s i g n a l  
c o n t r o l l e d  junc t ions  i n  Southampton were examined t o  d e t e r -  
mine t h e  r e l a t i o n s h i p  between s a t u r a t i o n  f low and g reen  
t i m e ,  t h e  pcu va lue  f o r  a commercial v e h i c l e  w a s  1 .38 ,  f o r  
a bus 1.56 and a two-wheeler 0.60. 
I n  a s t u d y  by t h e  T ranspor t  and Road Research 
Labota tory  ( 8 4 1 ,  t o  f i n d  t h e  passenger  c a r  e q u i v a l e n t  
v a l u e s  a t  s i g n a l i z e d  i n t e r s e c t i o n s  f o r  v a r i o u s  v e h i c l e  
t y p e s  and t u r n i n g  movements, t h e  r e s u l t s  were d i f f e r e n t  
from t h o s e  g iven  by RRL ( 2 5 ) .  The s t u d y  was mainly  f o r  
commercial v e h i c l e s  and buses .  The c r i te r ia  used w a s  t h e  
l e n g t h  of t h e  commercial v e h i c l e  and t h e s e  w e r e  grouped 
i n t o  f o u r  c l a s s e s  acco rd ing  t o  t h e i r  l e n g t h  ( L ) :  
For non-turning t r a f f i c ,  t h e  headways of c a r s  had 
a n  average  va lue  of  2.4 sec. and hence t h e  PCU e q u i v a l e n t  
of o t h e r  t y p e s  w e r e  c a l c u l a t e d  by comparing t h e i r  headway 
w i t h  t h i s  va lue .  
The average  r e s u l t s  w e r e : -  
PCU Av. Length(m1 Sample S i z e  
C a r s  1 .0  4 . 5  194 
Commercial v e h i c l e s :  
L< - 6m 1.1 5dO 
6m<L<9m - 1 . 4  8 .1  
9m<L<12m - 1 .7  10.7  
L<12 2.1  14.0 
Buses and coaches 1 .7  10.0  
Table 2 .9 .3 -1  shows a summary of t h e  r e s u l t s  f o r  
Table 2.9.31 Passenger Car Unit Values 
by various studies 
v a r i o u s  s t u d i e s .  
The computed r e s u l t s  of passenger  c a r  u n i t  
equ iva l ences  ob ta ined  from t h e  a n a l y s i s  of d a t a  from 
s e v e r a l  s i g n a l i z e d  i n t e r s e c t i o n s  i n  London and W e s t  
Yorkshire  are shown i n  Tables  2.8.3-1 t o  2.8.3-12. 
They were found t o  be s i m i l a r  and c o n s i s t e n t .  
The recommended v a l u e s  which r e p r e s e n t  t h e  
average  v a l u e s  for a l l  t h e  a n a l y s i s  a r e  shown i n  Table 
(2 .8 .3-13) .  
2.10 Veh ic l e  type delay r e l a t i o n s h i p  
The v a r i o u s  t h e o r e t i c a l  a n a l y s e s  d e a l i n g  w i t h  
d e l a y  t o  t r a f f i c  f lows  a t  t r a f f i c  s i g n a l  i n t e r s e c t i o n s  
have used mathemat ical  e x p r e s s i o n s  f o r  t h e  average  d e l a y  
p e r  v e h i c l e .  The f a c t o r s  which a r e  i nc luded  i n  t h e s e  
exp res s ions  a r e :  s a t u r a t i o n  f low,  c y c l e  t i m e ,  p ropor t ion  
of t h e  c y c l e  e f f e c t i v e l y  g reen  and v e h i c l e s u  a r r i v a l .  
Some expres s ions  which were sugges ted  by N e w e l 1  ( 3 5 )  and 
M i l l e r  ( 3 4 )  use t h e  variance-to-mean r a t i o  of t h e  number 
of  a r r i v a l s  p e r  c y c l e  ( I - r a t i o s )  . 
To show veh ic l e - type  e f f e c t  on d e l a y  t r a f f i c  
s i g n a l s ,  Webs t e rus  f u l l  e x p r e s s i o n  i s  used i n  t h i s  s tudy .  
The e x p r e s s i o n  is:- 
i n  which; 
C = t h e  c y l e  t i m e  i n  seconds,  
g = t h e  e f f e c t i v e  green  t i m e  i n  seconds,  
h = t h e  p r o p o r t i o n  of t h e  c y c l e  t h a t  is  e f f e c t i v e l y  
green ,  i . e  A =  g/c ,  
q = t h e  a r r i v a l  r a t e  i n  v e h i c l e s / s e c . ,  
s = t h e  s a t u r a t i o n  f low i n  pcu/sec. ,  
x  = the degree  of s a t u r a t i o n ;  i .e .  x = q/ s. 
The main va ry ing  f a c t o r  i n  t h e  e x p r e s s i o n  f o r  
t h e  a n a l y s i s  i s  t h e  deg ree  of s a t u r a t i o n .  
1 
S a t u r a t i o n  f low = ,- 
h i  
- 
where h i  i s  t h e  mean headway f o r  v e h i c l e s  l e a v i n g  t h e  s t o p  
l i n e .  
- 
S a t u r a t i o n  f low i n c r e a s e s  as h i  d e c r e a s e s .  I t  
w a s  found from observed d a t a  a t  t h e  s i x  s i tes  t h a t  t h i s  
va lue  f o r  passenger  c a r s  i s  t h e  smallest. Mean t i m e  head- 
way f o r  a l l  v e h i c l e  t y p e s  cons idered  d u r i n g  t h e  a n a l y s i s  
(passenger  cars, l i g h t  goods v e h i c l e s ,  heavy goods v e h i c l e s ,  
b u s e s / a r t i c u l a t e d  goods v e h i c l e s  and motor-cycles)  are cal- 
c u l a t e d .  They are:- 
Vehic le .  Type 
Passenger c a r s  
L igh t  goods ve- 
h i c l e s  
Heavy goods ve- 
h i c l e s  
Buses and a r t i c u -  
l a t e d  goods ve- 
h i c l e s  
Motor-cycles 
Mean t i m e  headway ( seconds )  
S i t e  S i t e  S i t e  S i t e  S i t e  S i t e  
1 2 3 4 5 6 
The mean headway v a l u e s  are used t o  c a l c u l a t e  
s a t u r a t i o n  f low f o r  a p a r t i c u l a r  t ype  of v e h i c l e .  
Webs te r ' s  f u l l  e x p r e s s i o n  w a s  t h e n  used t o  c a l c u l a t e  average  
d e l a y  t o  v e h i c l e s  u s ing  f i x e d  parameters  f o r  s i g n a l  s e t t i n g ,  
60 seconds f o r  c y c l e  t i m e  and 30 seconds f o r  e f f e c t i v e  green  
t i m e .  Also seven t r a f f i c - f l o w  va lues  were used r ang ing  be t -  
ween 200 v/h and 500 v/h. 
Average d e l a y s  are c a l c u l a t e d  f o r  combined t r a f f i c  
u s ing  t h e  s a t u r a t i o n  f low v a l u e s  ob ta ined  from observed d a t a ,  
as d i scussed  i n  s e c t i o n  2.8.2 of t h i s  c h a p t e r .  
Tables  2.10-1 t o  2.10-6 show average  d e l a y  v a l u e s  
f o r  t h e  s i x  si tes under c o n s i d e r a t i o n .  These r e s u l t s  are 
p l o t t e d  a g a i n s t  t r a f f i c - f l o w  v a l u e s  and are shown i n  f i g u r e s  
2.10-1 t o  2.10-6. 
The f i g u r e s  show t h e  v a r i a t i o n  i n  d e l a y  v a l u e s  be t -  
ween v a r i o u s  t y p e s  of v e h i c l e s .  The fo l lowing  r e s u l t s  were 
obta ined :  - 
(i)  For low t r a f f i c  va lues  t h e  d i f f e r e n c e  i n  average  d e l a y s  
a r e  no t  a s  s i g n i f i c a n t  a s  t h o s e  f o r  h i g h e r  va lues  o f  
t r a f f i c  f lows.  This  i n d i c a t e s  t h a t  h i g h e r  pe rcen tages  
of heavy commercial v e h i c l e s  and buses  s u f f e r  h i g h e r  
d e l a y  under t h e  same c o n d i t i o n s  a v a i l a b l e .  
T a b l e  2 .10 .1  Computed average d e l a y  v a l u e s  u s i n g  W e b s t e r ' s  e x p r e s s i o n .  
( S i t e  1 r e s u l t s ) .  









Ave rage  d e l a y  ( s e c o n d s  ) 
1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  Combined t r a f f i c  
C a r s  LGV HGV AGV M-C. 
8 - 7 3  8 .94  10 .37  1 1 . 6 8  7 . 8 1  8 .89  
9.09 9.37 1 1 . 3 1  13 .22  7.89 9 . 3 1  
9.47 9 .83  1 2 . 3 9  15 .23  7 .97 9 .74  
9.87 10 .32  1 3 . 7 0  1 8 . 3 7  8 .06 1 0 . 2 1  
10 .29  10 .84  1 5 . 4 3  25.02 8 .14  1 0 . 7 1  
10 .75  1 1 . 4 1  1 8 . 1 3  50.77 8 .23  1 1 . 2 5  
1 1 . 2 3  12 .04  23.49 - 8.32 1 1 . 8 4  
Figure 2.10-1 (Site 1) A comparison between average delay 


































A = Passenger cars 
B = LGV 
C = HGV 
D = AGV 
E = Motor cycles 
F = Combined traffic 
11 so1 loo1 iso' 200' 250' 300' 3 s d 4 0 d  450 500 550' 60d 
FLOV (VEHICLE PER HOUR) 

*'1 A = Passenger c a r s  I B = LGV 
C = HGV 
D = AGV 
- 
15 
- t o  
- 
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0 sd loo1 isol  2 o d X  300' 3soi 4a01 450' sod s s d s o d  
FLOW (VEti!CLE PER HOUR) 
Figure 2.10-2 (Site 2) A comparison between average delay 
values using Webster t s  expression. 

A = Passenger c a r s  
B = LGV 
C = HGV 
D = AGV 
E = Motor cycles 
F = Combined t r a f f i c  
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Figure 2 .10 -3  ( S i t e  3 )  A comparison between average de lay  
va lues  us ing  Webster's expres s ion .  

A = Passenge r  c a r s  
B = LGV 
C = HGV 
D = AGV 
E = Motor c y c l e s  
F = Combined t r a f f i c  
so1 100' isd 200' 2sd 3od 3sd  sod 4sd sod ssd bod 
FLOW (VEHICLE PER HOUR) 
Figure 2 . l o - 4  ( S i t e  4 )  A comparison between ave rage  d e l a y  
v a l u e s  u s i n g  Webs t e r ' s  e x p r e s s i o n .  

ni sd loo' isd 20d 2sd  3od 3sd 4od 4sd sod 550' 60d 
FLOW (VEHICLE PER HOUR) 
Figure 2.10-5 (Site 5) A comparison between average delay 
values using Webster's expression. 

Figure 2.10-6 ( S i t e  6 )  A compar i son  between a v e r a g e  d e l a y  
































A = P a s s e n g e r  cars 
B = LGV 
C = HGV 
D = AGV 
E = Motor c y c l e s  
F = Combined t r a f f i c  
E 
so1 iod ~ s d  2od 2sd 3od 3sd  4od 450' sod ssd 6od 
FLOW (VEH I CLE PER HOUR) 
(ii) The v a r i a t i o n .  i n  average  d e l a y  v a l u e s  are mainly  due 
t o . t h e  e f f e c t  of t r a f f i c  composi t ion i .e .  pe rcen tages  
of  heavy commercial v e h i c l e s ,  as t h e  geomet r i ca l  
f e a t u r e s  were kep t  t h e  s a m e  f o r  each  s i t e  i n  t h e  c a l -  
c u l a t i o n .  
(iii) The r e s u l t s  of average  d e l a y  f o r  t h e  combined t r a f f i c  
f lows  a r e  c l o s e r  t o  t h o s e  of t h e  smaller v e h i c l e s  
(pas sengr  cars ) .  This  is  because o f  t h e i r  h i g h e r  
pe rcen tages  p r e s e n t  i n  t h e  t r a f f i c  f low. 
Ef fect-s of Vehicle Type 
at Roundabout. Entries 
CHAPTER THREE 
E f f e c t  of v e h i c l e  t y p e  a t  roundabout e n t r i e s  
3.1 - I n t r o d u c t i o n  
The roundabout i s  a ve ry  widely  used form of  i n t e r -  
s e c t i o n .  B a s i c a l l y  it i s  a one-way carr iageway around a 
c e n t r a l  i s l a n d .  The a n a l y s i s  of  i t s  o p e r a t i o n a l  c h a r a c t e r i -  
s t ics  must c o n s i d e r  t h e  e f f e c t  of i t s  geomet r ic  d e s i g n  i n  con- 
j unc t ion  wi th  t r a f f i c  f a c t o r s .  The behaviour of  t r a f f i c  a t  
each  approach i s  r e l a t e d  t o  t h e  composi t ion of a r r i v i n g  t r a f -  
f i c  and g e n e r a l  d r i v e r  c h a r a c t e r i s t i c s .  
Capac i ty  of  t h e  i n t e r s e c t i o n  i s  a f f e c t e d  by v e h i c l e  
t y p e r e s p e c i a l l y  buses  and a r t i c u l a t e d  v e h i c l e s  w i t h  t h e i r  
lower a c c e l e r a t i o n  a b i l i t y  and o t h e r  o p e r a t i n g  c h a r a c t e r i s t i c s  
such as l a g  and gap accep tance  requi rements .  I n  o r d e r  t o  ob- 
t a i n  a s t a n d a r d i s e d  f low rate a convers ion  procedure  should be 
a p p l i e d .  I n  a p rev ious  B r i t i s h  method (85 ) ,  t h e  fo l lowing  
f a c t o r s  were used t o  o b t a i n  t h e  passenger  car e q u i v a l e n t s  a t  
roundabout approaches:  
1 Bus 2.8 PCU 
1 Heavy and medium commercial v e h i c l e  2.8 PCU 
1 Light  commercial v e h i c l e  1 PCU 
1 Motor c y c l e ,  moped o r  s c o o t e r  0 .75 PCU 
1 Pedal  c y c l e  0.5 PCU 
I n  r e c e n t  y e a r s ,  much r e s e a r c h  has  been devoted t o  
c a p a c i t y  and d e l a y  e s t i m a t i o n .  The c a p a c i t y  of  a roundabout 
can now be p r e d i c t e d  e n t r y  by e n t r y  ( 8 6 ) ,  and t h e  ba lance  o f  
i n f l o w s  fox  t h e  whole roundabout  c a l c u l a t e d  by a method 
which t reats  a roundabout  as  a series o f  T- junc t ions  
l i n k e d  by a common c i r c u l a t i n g  ca r r i ageway .  The u n i f i e d  
formula  ( 3 8 )  f o r  t h e  e n t r y  c a p a c i t y  now a l l o w s  t h i s  method 
t o  be p u t  on a g e n e r a l  b a s i s  f o r  d e s i g n  and assessment .  
3.2 - Histor ical  review 
3.2.1 - Roundabout i n t e r s e c t i o n s  
The p r i n c i p l e s  of  t h e  roundabout o p e r a t i o n  were 
d i scussed  by Watson and Dawson (87) 1936. They examined 
t h e  c a p a c i t y  of roundabouts  by c o n s i d e r i n g  t h e  number of  
v e h i c l e s  which could p a s s  through a s i n g l e  weaving p o i n t ,  
t a k i n g  i n t o  account  t h e  p h y s i c a l  dimensions of t h e  v e h i c l e s ,  
t h e i r  speed of t r a v e l  and t h e  a n g l e  of convergence of t h e  
i n t e r s e c t i n g  t r a f f i c  streams. From t h e s e  a n a l y s e s  t h e y  
concluded t h a t  t h e  t h e o r e t i c a l  c a p a c i t y  of a  s i n g l e  merge 
w a s  between 1 ,200 and 1 ,800 v e h i c l e s  p e r  hour depending on 
t h e  i n i t i a l  assumptions .  
The Transpor t  and Road Research Laboratory 1 9 5 5  
(88) dec ided  t o  c a r r y  o u t  exper iments  on a  l a r g e  s c a l e  u s ing  
a n  a r t i f i c i a l  l a y o u t  t o  f i n d  t h e  c a p a c i t y  of a  s i n g l e  weaving 
s e c t i o n .  The exper iments  were c a r r i e d  o u t  a t  Nor tho l t  A i r -  
p o r t  where d i f f e r e n t  t r a f f i c  parameters  and roundabout shapes  
could be t e s t e d .  A con t inuous  f low of v e h i c l e s  w a s  passed 
through i s o l a t e d  weaving s e c t i o n s  by r e c i r c u l a t i n g  v e h i c l e s  
t o  a l l ow s t e a d y  s ta te  f lows  t o  occur  w i t h  queues on a l l  en- 
t r ies ,  cover ing  v a r i a t i o n  i n  t h e  ~ r o ~ o r t i o n  of weaving t r a f -  
f i c  and composit ion of t r a f f i c .  
The Transpor t  and Road Research Laboratory,  t h e  
U n i v e r s i t y  of S h e f f i e l d  and t h e  c o n s u l t a n t s  Freeman Fox 
and ~ s s o c i a t e s  (86) have c a r r i e d  o u t  e x t e n s i v e  work t o  
s t u d y  t h e  performance o f  roundabouts.  The i r  work showed 
c o n c l u s i v e l y  t h a t  t h e  o r i g i n a l  Wardrop formula f o r  t h e  
c a p a c i t y  of  roundabout "weaving1' s e c t i o n s ,  as i n c o r p o r a t e d  
i n  pre-1975 Department of t h e  Environment d e s i g n  manuals, 
was no longer  a c c u r a t e  under p r e s e n t  t r a f f i c  c o n d i t i o n s .  
I t  over -pred ic ted  s i g n i f i c a n t l y  and t h e  "p ropor t ion  weaving" 
t e r m  d i d  no t  appear  t o  e x p l a i n  t h e  f l u c t u a t i o n s  i n  observed 
c a p a c i t y  e i t h e r  a t  i n d i v i d u a l  s i tes o r  between si tes.  
The r e l a t i o n s h i p  between s a t u r a t e d  e n t r y  f low "F" 
and t h e  corresponding c o n t r o l l i n g  c i r c u l a t i n g  f low " f c "  w a s  
i n v e s t i g a t e d  i n  o r d e r  t o  develop a complete ly  new formula.  
They found t h a t  " f c "  w a s  s i g n i f i c a n t l y  less than  t h e  v a l u e s  
impl ied  i n  both  t h e  o r i g i n a l  and t h e  r e v i s e d  Wardrop formula ,  
and t h e  new equa t ions  w e r e  much more s u c c e s s f u l  t h a n  t h e  
Wardrop formula a t  p r e d i c t i n g  t h e  w i t h i n - s e c t i o n s  v a r i a t i o n  
of Q e  w i t h  Qc. 
The c a p a c i t y  e n t e r i n g  f low,  Qe w a s  expressed i n  
t h e  form: 
where F = 233e1 (1 .5  - - - 255 efu/h  
( e f u  = e n t r y  f low u n i t s )  
The PCU va lue  of  a heavy v e h i c l e  i s  t aken  as 2.0,  
and t h e  ranges  of t h e  parameters  i n  t h e  d a t a  used were: 
The Transpor t  and Road Research Laboratory 
suggested t h a t  t h e s e  e q u a t i o n s  w e r e  u n l i k e l y  as  t h e y  s t a n d  
t o  r e p r e s e n t  t h e  f i n a l  s o l u t i o n  f o r  des ign  purposes .  
However, f u r t h e r  development w a s  made t o  check t h e  formulae  
a g a i n s t  d a t a  a v a i l a b l e  f o r  o t h e r  sites and t h e i r  exper imenta l  
work in t roduced  a  u n i f i e d  approach t o  a l l  roundabout des ign .  
The f i n a l  form of  t h e  e q u a t i o n s  are d i s c u s s e d  i n  s e c t i o n  
(3 .3 .1 )  of t h i s  chap te r .  
3.2.2 - The p r i o r i t y  r u l e  
I n  t h e  l a t e  1 9 5 0 ' s  and d u r i n g  t h e  T ranspor t  and 
Road Research Laboratory exper iments ,  t h e  o p e r a t i o n  of 
roundabout i n t e r s e c t i o n s  w a s  based on t h e  concept  t h a t  no 
p a r t i c u l a r  t r a f f i c  stream had t h e  " r i g h t  of way". However, 
w i t h  a l a r g e  f low e n t e r i n g  a roundabout,  t h e  r i g h t  of way, 
once e s t a b l i s h e d ,  t e n d s  t o  remain w i t h  t h e  f low and f o r c e s  
t r a f f i c  a l r e a d y  i n  t h e  c i r c u l a t i n g  s e c t i o n  t o  w a i t  f o r  s u i t -  
a b l e  gaps i n  t h e  e n t e r i n g  f low.  A s  t r a f f i c  on t h e  rounda- 
bout  b u i l t ' u p  it tended t o  i n t e r f e r e  w i th  o t h e r  e n t r y  f lows  
and o f t e n  produced a lock ing  cond i t i on .  The c a p a c i t y  t h e n  
dropped t empora r i l y  t o  a ve ry  low va lue  because ve ry  few ve- 
h i c l e s  were a b l e  t o  p a s s  th rough  t h e  roundabout u n t i l  it w a s  
clear. Long queues o f t e n  s t a r t e d  t o  b u i l d  up on t h e  approa- 
ches  du r ing  t h i s  low f low p e r i o d ,  b u t  t h e  t r a f f i c  on a l l  
approaches  once more f o r c e d  i t s  way i n t o  t h e  roundabout when 
t h e  conges t ion  had been removed and immediately locked i t  up 
aga in .  
I n  o r d e r  t o  reduce  t h e  p o s s i b i l i t y  of  l ock ing ,  t h e  
"g ive  way t o  t r a f f i c  from t h e  r i g h t "  p r i o r i t y  r u l e  w a s  i n t r o -  
duced us ing  s i g n s  and carr iageway markings s imilar  t o  t h o s e  
a t  convent iona l  p r i o r i t y  t y p e  i n t e r s e c t i o n s  ( 8 9 ,  9 0 ) .  I n  
a l l  c a s e s ,  it w a s  immediately observed t h a t  t h e s e  p r i o r i t y  
s i g n s  v i r t u a l l y  e l i m i n a t e d  lock ing  and gave a n  i n c r e a s e  i n  
c a p a c i t y  compared wi th  p rev ious  forms of c o n t r o l .  
The p r i o r i t y - t o - t h e - r i g h t  r u l e  a t  roundabouts w a s  
i n t roduced  i n  B r i t a i n  i n  November 1966  by t h e   ini is try of  
T ranspor t  and n o t i c e  of t h i s  announcement and adv ice  on i t s  
implementation was g iven  t o  highway a u t h o r i t i e s  i n  Road 
C i r c u l a r  No. 27/66 ( 9 1 ) .  
The i n t r o d u c t i o n  of t h i s  new r u l e  brought a funda- 
mental  change i n  t h e  mode of o p e r a t i o n  of roundabouts and 
m e a n t . t h a t  t h e  concept  of  weaving i s  no longe r  r e l e v a n t .  
3.3 - Roundabout t r a f f i c  parameters 
3.3.1 - T r a f f i c  capacity 
A l l  new schemes must be j u s t i f i e d  by c o s t  b e n e f i t  
a n a l y s i s  and it is t h e r e f o r e  u s e f u l  t o  be a b l e  t o  p r e d i c t  
c a p a c i t i e s ,  queues and d e l a y s  f o r  a wide range  of circum- 
s t a n c e s .  
The formulae  proposed by Kimber (1980)  ( 9 2 )  have 
been used f o r  s e v e r a l  y e a r s  t o  c a l c u l a t e  c a p a c i t y  of s i n g l e -  
i s l a n d  roundabouts of  a l l  t y p e s  and on a n  e n t r y  by e n t r y  
b a s i s .  I n  1981, t h e  Department of  T ranspor t  r e l e a s e d  a 
computer program, ARCADY (Assessment of  Roundabout Capac i ty  
and Delay) which w a s  developed a t  t h e  T ranspor t  and Road 
Research Laboratory and which implemented t h e s e  formulae.  
The roundabout i s  t r e a t e d  as  a  series of e n t r i e s  
l i n k e d  by a common carr iageway.  I t  w a s  sugges ted  t h a t  
c a p a c i t y  i s  l i n e a r l y  r e l a t e d  t o  t h e  c i r c u l a t i n g  f low and 
f o r  each  e n t r y  t h e  c a p a c i t y ,  Qu, i s  c a l c u l a t e d  us ing  t h e  
fo l lowing  equa t ion :  
Q e  = F - f c  Q c  pcu/h 
where F and f c  r e p r e s e n t  t h e  i n t e r c e p t  and s l o p e  r e s p e c t i v e l y  
of t h e  e n t r y / c i r c u l a t i n g  f low r e l a t i o n s h i p  and a r e  g iven  by: 
where 
and 
where V i s  t h e  approach  r o a d  h a l f - w i d t h  ( m )  
e e n t r y  wid th  (m) 
fl e n t r y  a n g l e  ( d e g r e e )  
r e n t r y  r a d i u s  ( m )  
1' t h e  l e n g t h  of f l a r e  (m) 
D t h e  i n s c r i b e d  circle d i a m e t e r  ( m )  
These g e o m e t r i c  pa rame te r s  a r e  d e s c r i b e d  i n  more 
d e t a i l  i n  f i g u r e  (3.2.4-1) .  The a c c e p t a b l e  r a n g e s  of para-  
meters f o r  u se  i n  ARCADY2 a r e :  
V :  2.2 - 12m 
e : 3 - 16m 
fi : 0 - 18" 
r : > 3 m  
1' : any 
D : > 13m 
"F" and  " f c "  w e r e  d e r i v e d  f rom e x t e n s i v e  o b s e r v a t i o n s  o n  
t h e  p u b l i c  r o a d s  and  o n  t h e  T r a n s p o r t  and  Road Resea rch  
L a b o r a t o r y  test  t r a c k ,  and  a p p l y  t o  s m a l l  and  l a r g e  round-  
a b o u t s  a l i k e .  
E q u a t i o n  (3 .2 .4-1)  i s  m o d i f i e d  i f  t h e  e n t r y  i s  
g r a d e  s e p a r a t e d  a c c o r d i n g  t o  o b s e r v a t i o n s  made a t  t h i s  t y p e  
of s i te  ( 1 ,  and becomes: 
S i n c e  t h e  c i r c u l a t i n g  f l o w  c r o s s i n g  one  a r m  i s  
dependent  o n  t h e  f l o w  e n t e r i n g  from t h e  o t h e r  arms, a n  
i n t e r a c t i v e  p rocedure  i s  used  w i t h i n  e a c h  t i m e  segment f o r  
c a l c u l a t i n g  t h e  e n t r y  c a p a c i t i e s .  I n i t i a l l y  it i s  assumed 
t h a t  t h e r e  is  c i r c u l a t i n g  f low p a s t  t h e  f i r s t  e n t r y ,  s o  t h a t  
t h e  f l o w  is t a k e n  as  e i t h e r  t h e  demand f l o w  i t s e l f  o r  t h e  
v a l u e  F, whichever  i s  t h e  lower .  T h i s  e n t r y  f l ow,  a f t e r  
s u b t r a c t i o n  of  t h e s e  v e h i c l e s  t a k i n g  t h e  n e x t  e x i t ,  becomes 
t h e  c i r c u l a t i n g  f l o w  p a s t  t h e  n e x t  e n t r y ,  e n a b l i n g  t h a t  e n t r y  
c a p a c i t y  t o  be c a l c u l a t e d  from i t s  e n t r y / c i r c u l a t i n g  f l o w  
r e l a t i o n s h i p .  The f l o w  from t h e  e n t r y  i s  t h e n  e q u a l  t o  t h e  
demand f l o w  o r  t h e  c a p a c i t y , w h i c h e v e r  i s  t h e  s m a l l e r .  
Thus t h e  c i r c u l a t i n g  f low p a s t  t h e  n e x t  e n t r y  can be c a l c u l a -  
t e d ,  p r o g r e s s i n g  a round t h e  roundabout .  When,af te r  a  com- 
p l e t e ,  c y c l e  t h e  c i r c u l a t i n g  f low p a s t  t h e  f i r s t  e n t r y  i s  . 
c a l c u l a t e d , a  r e v i s e d  e n t r y  f l o w  can  be de te rmined  as  t h e  
s t a r t i n g  p o i n t  of a second i t e r a t i o n  and t h e  whole p r o c e s s  
r e p e a t e d .  A f t e r  s e v e r a l  i t e r a t i o n s ,  t h e  e n t r y  f lows  from 
e a c h  arm converge t o  t h e i r  f i n a l  v a l u e s .  
I t  w a s  found t h a t  t h i s  p r o c e s s  i s  a conven ien t  
way of  s o l v i n g  t h e  set  of  In1  s i m u l t a n e o u s  e q u a t i o n s  ( n  = 
number of  arms) of t h e  forms of  e q u a t i o n  (3.2.4-11, where 
t h e  Qc v a l u e s  are e a c h  f u n c t i o n s  o f  t h e  t u r n i n g  p r o p o r t i o n s  
and e n t r y  f l o w s  from t h e  o t h e r  arms. 
Unless  t h e  sys tem i s  i n  e q u i l i b r i u m ,  t h e  queue 
l e n g t h s  a t  t h e  s t a r t  of a  t i m e  segment w i l l  be d i f f e r e n t  
from t h o s e  a t  t h e  end of a segment. The f low a c t u a l l y  
e n t e r i n g  t h e  roundabout  from any  arm i n  a segment w i l l  t h e r e -  
f o r e  be e q u a l  t o  t h e  demand f low p l u s  t h e  i n i t i a l  queue l e n g t h  
minus t h e  f i n a l  queue l e n g t h .  T h i s  l e a d s  t o  a second l e v e l  
of i t e r a t i o n  be ing  n e c e s s a r y  because t h e  f i r s t  l e v e l  canno t  
t a k e  account  of t h e  a c t u a l  queue l e n g t h s  remain ing  and t h u s  
Over-est imates  t h e  c i r c u l a t i n g  f low l e v e l s .  Before t h e  
second l e v e l  of i t e r a t i o n  can  t a k e  p l a c e ,  queue l e n g t h s  must 
be c a l c u l a t e d  by u s i n g  time-dependent queueing  theory .  
3.3.2 - Gap acceptance studies 
The behaviour  of  d r i v e r s  a t  a  p r i o r i t y  highway 
i n t e r s e c t i o n  when e n t e r i n g  a  major  road from a  minor r o a d  
i s  complex. They have t o  make d e c i s i o n s  w i t h  s k i l l  i n  
o r d e r  t o  p rov ide  f o r  s a f e  c r o s s i n g  o r  merging w i t h  a  t r a f f i c  
f low i n  t h e  major  road .  The a n a l y s i s  of t r a f f i c  behaviour  
r e q u i r e s  t h e  i n t r o d u c t i o n  of two t i m e  i n t e r v a l s  i n  t h e  
a n a l y s i s .  The f i r s t  i s  a  "gap" which i s  t h e  t i m e  i n t e r v a l  
between t h e  a r r i v a l  of a  major-road v e h i c l e  a t  t h e  i n t e r s e c -  
t i o n  and t h e  a r r i v a l  of  t h e  n e x t  major road v e h i c l e .  The 
second is a  " l a g "  which is  t h e  t i m e  i n t e r v a l  between t h e  
a r r i v a l  of a  minor road v e h i c l e  a t  t h e  i n t e r s e c t i o n  and t h e  
a r r i v a l  of t h e  n e x t  major road v e h i c l e .  
The u s u a l  hypo thes i s  f o r  minor road d r i v e r s '  be- 
haviour  a t  a  p r i o r i t y  i n t e r s e c t i o n  is  t h e  t i m e  hypo thes i s .  
It is  assumed t h a t  gap o r  l a g  accep tance  occurs  when a  minor 
road d r i v e r  makes a  p r e c i s e  e s t i m a t e  of t h e  a r r i v a l  t i m e  of 
t h e  approaching major road v e h i c l e .  
The d r i v e r  i s  s a i d  t o  a c c e p t  a  l a g  when e n t e r i n g  
t h e  i n t e r s e c t i o n  be fo re  t h e  major road v e h i c l e  r eaches  it. 
But i f  t h e  s a m e  d r i v e r  w a i t s  u n t i l  t h e  major road v e h i c l e  
has  passed before  e n t e r i n g  t h e  i n t e r s e c t i o n ,  he i s  s a i d  t o  
r e j e c t  t h e  l ag ,  s o  t h e  d r i v e r  must w a i t  f o r  an  accepted  gap. 
The minor road d r i v e r  can r e j e c t  many gaps b u t  he a c c e p t s  
one l a g  o r  gap each t i m e  h e  e n t e r s  t h e  i n t e r s e c t i o n .  Dr ive r  
d e c i s i o n  t o  a c c e p t  o r  reject a  l a g  o r  a g a p  p r e s e n t e d  t o  him 
o n  a r r i v a l  a t  t h e  i n t e r s e c t i o n  i s  a f f e c t e d  by v a r i o u s  f a c t o r s :  
- j u n c t i o n  l a y o u t  a n d  i n  p a r t i c u l a r  e n t r y  a p p r o a c h  
v i s i b i l i t y ,  
- t h e  d i f f e r e n c e  i n  v e h i c l e  t y p e  o p e r a t i o n a l  c h a r a c -  
ter is t ics ,  
- e n t r y  t r a f f i c  f l o w  
- t h e  compos i t i on  o f  t r a f f i c  f l o w  
- t h e  f l o w  i n  t h e  m a j o r  r o a d .  
S e v e r a l  r e s e a r c h  p r o j e c t s  have been conducted  t o  
Study t h e  gap  and l a g  c h a r a c t e r i s t i c s  o f  a t - g r a d e  i n t e r s e c -  
t i o n s .  I n  t h e s e  i n v e s t i g a t i o n s  v a r i o u s  t e c h n i q u e s  w e r e  u sed  
t o  a n a l y s e  i n t e r s e c t i o n  f l o w  p a t t e r n s  unde r  d i f f e r e n t  roadway 
and t r a f f i c  c o n d i t i o n s .  
An e x t e n s i v e  s t u d y  w a s  carried o u t  i n  t h e  U.S.A. by 
G r e e n s h i e l d s  (93), f o r  b o t h  c o n t r o l l e d  and  u n c o n t r o l l e d  i n t e r -  
s e c t i o n s  t o  i n v e s t i g a t e  t h e  t i m e  i n t e r v a l s  a c c e p t e d  by d r i v e r s  
when e n t e r i n g  t h e  major  t r a f f i c  f low.  I n  p a r t i c u l a r ,  s t o p  
s i g n  c o n t r o l l e d  i n t e r s e c t i o n s  w e r e  i n c l u d e d  i n  t h e s e  i n v e s t i -  
g a t i o n s .  According t o  h i s  s t u d y  t h e  a v e r a g e  minimum accep-  
t a b l e  gap  w a s  d e f i n e d  a s  t h a t  v a l u e  which is  a c c e p t e d  by f i f t y  
Pe r  c e n t  of  t h e  d r i v e r s .  
The concep t  of t h e  " c r i t i c a l  l a g "  was i n v e s t i g a t e d  
by Raff and Har t  ( 9 4 )  i n  which t h e  number of  a c c e p t e d  l a g s  
s h o r t e r  t h a n  t h e  c r i t i c a l  l a g  i s  e q u a l  t o  t h e  number of  
r e j e c t e d  l a g s  l o n g e r  t h a n  t h i s  s p e c i f i c  va lue .  Four i n t e r -  
s e c t i o n s  were i n c l u d e d  i n  t h e  s t u d y  which gave v a l u e s  f o r  t h e  
c r i t i c a l  l a g s  o f  4.6, 4.7, 5.9 and 6 .0  seconds.  The v a r i a -  
t i o n  between t h e s e  f o u r  r e s u l t s  could  be i n f l u e n c e d  by s i g h t  
o b s t r u c t i o n ,  major road speed,  major road width ,  and t h e  t r a f -  
f i c  f low i n  t h e  minor road.  
The t echn ique  of  p r o b i t  a n a l y s i s  w a s  used by 
So lbe rg  and Oppenlander ( 9 5 )  i n  t h e  s t a t i s t i c a l  t r e a t m e n t  o f  
t h e i r  o b s e r v a t i o n s .  I n  a d d i t i o n ,  two o t h e r  methods which 
were developed by Raff and B i s s e l l  ( 9 6 )  w e r e  cons idered  i n  t h e  
e v a l u a t i o n .  The comparison of  t h e  p r o b i t ,  Raff and B i s s e l l  
methods of t h e  median accep ted  a r e  shown i n  t a b l e  (3.3.2-1) 
below: 
Table 3.3.2-1 Comparison of t h e  p r o b i t  va lues .  
Method 
P r o b i t  
Raff 
B i s s e l l  
Combined Lag and Gap 
( second ) 
Right  L e f t  S t r a i g h t  
t u r n  t u r n  
7.36 7.82 7.18 
7.45 7.85 7.35 
7.35 7.65 7.10 
The a c c e p t a n c e  d i s t r i b u t i o n  a r e  w e l l  d e s c r i b e d  by 
a l i n e a r  r e l a t i o n s h i p  between t h e  p r o b i t  of accep tance  and 
t h e  logar i thm of accep tance  t i m e .  There i s  no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  median gap accep tance  t i m e  a t  t h e  
i n t e r s e c t i o n s  under s t u d y .  However, s i g n i f i c a n t  v a r i a t i o n  
was found between r i g h t  and l e f t  t u r n i n g  d r i v e r s  and s t r a i g h t  
through d r i v e r s .  
Ashworth ( 97), h a s  proposed t h a t  where t h e  gap ac -  
ceptance  i s  normal ly  d i s t r i b u t e d  t h e  b i a s e d  accep tance  curve  
2 i s  d i s p l a c e d  from t h e  t r u e  curve  by a n  amount S  q ,  where "q"  
is t h e  major road volume (veh / sec )  and " S "  i s  t h e  s t a n d a r d  
d e v i a t i o n  of t h e  d r i v e r  gap accep tance  curve .  The v a l u e  of 
" S "  may be determined by p r o b i t  a n a l y s i s  t echn iques  o r ,  a l t e r -  
n a t i v e l y ,  e s t i m a t e d  from t h e  cumulat ive gap and l a g  accep- 
t a n c e  curve  u s i n g  t h e  r e l a t i o n ,  
S = ( 8 5  p e r  c e n t  gap - 1 5  p e r  c e n t ) / 2 . 0 7 -  
Ashworth's mathematical  model was based on t h e  
assumption t h a t  t h e  t r a f f i c  i n  t h e  major road i s  randomly 
d i s t r i b u t e d  and t h e  minimum gap acceptance  f o r  t h e  minor road 
d r i v e r s  fo l lows  a normal d i s t r i b ~ t i o ~  curve ,  and t h e  gap ac-  
ceptance is  normally d i s t r i b u t e d  wi th  a mean "M" and s t a n d a r d  
d e v i a t i o n  " s W .  
S a l t e r  ( 9 8 ) ,  h a s  i n v e s t i g a t e d  t h e  f i r s t  d e c i s i o n  
d r i v e r  gap and l a g  acceptance  a t  a number of p r i o r i t y  highway 
intersections in the West Riding of Yorkshire. The observed 
data were fitted to cumulative normal, cumulative log-normal 
and exponential distributions and it was noted that the best 
fit was obtained to a cumulative log-normal distribution. 
3 . 3 . 3  - Delay criteria 
Delay a t  roundabout  may be t a k e n  a s  t h e  e x t r a  
t r a v e l  t i m e  imposed on v e h i c l e s  w h i l s t  moving through t h e  
i n t e r s e c t i o n .  T h i s  d e l a y  was s t a t e d  by Webster and Newby 
( 9 0 )  t o  c o n s i s t  of t h e  f o l l o w i n g  two components; 
1 - Delay caused by s lowing down t o  n e g o t i a t e  t h e  
roundabout ,  by t r a v e l l i n g  t h e  e x t r a  d i s t a n c e  and by accelera- 
t i n g  t o  normal speed.  
2 - Delay caused by i n t e r s e c t i o n  w i t h  o t h e r  v e h i c l e s  
us ing  t h e  roundabout ( i . e . ,  d e l a y  from queueing and weaving 
a c t i o n ) .  
For t h e  f i r s t  component, Webster and Newby gave 9 
seconds f o r  a  normal t r a v e l  speed of 48 km/h (30  mph), 1 2 . 5  
seconds f o r  speed of 6 4  km/h ( 4 0  mph), and 1 7  seconds f o r  
80 km/h ( 5 0  mph), t h e y  observed t h a t  roundabout d iamete r  had 
l i t t l e  e f f e c t  on t h e  d e l a y .  
The i r  f i n d i n g s  f o r  t h e  second component i s  no l o n g e r  
v a l i d  because of t h e  i n t r o d u c t i o n  of new parameters  i n  d e l a y  
c a l c u l a t i o n  by t h e  Transpor t  and Road Research Laboratory.  
I n  t h e i r  r e p o r t  ( 3 7 ) ,  t h e  geometr ic  d e l a y  a t  non-s ignal ized  
i n t e r s e c t i o n s  was i n v e s t i g a t e d .  The r e p o r t  draws t o g e t h e r  
t h e  r e s u l t s  from s t u d i e s  conducted d u r i n g  t h e  l a s t  few y e a r s  
by Southampton U n i v e r s i t y ,  i n  which roundabouts ,  major/minor 
p r i o r i t y  junc t ions  and l a r g e  a t -g rade  and grade  s e p a r a t e d  
i n t e r s e c t i o n s  have been i n v e s t i g a t e d .  
The geomet r ic  d e l a y  f o r  a s p e c i f i c  movement a t  
roundabout i s  g iven  by: 
where V V are t h e  approach and d e p a r t u r e  speeds  respec-  
A'  D 
t i v e l y ,  measured a t  p o i n t s  where speeds  a r e  n o t  i n -  
f l uenced  by t h e  j unc t ion  ( m / s )  
JS  i s  t h e  speed w i t h i n  t h e  j unc t ion  ( m / s )  
a  is  t h e  d e c e l e r a t i o n  ra te  approaching t h e  j unc t ion  AB 
and i s  g iven  by a = ~ . o ~ ( v ~ - J s ) / v ~ + o - ~ ~  m / s 2  AB 
a  i s  t h e  a c c e l e r a t i o n  r a t e  l e a v i n g  t h e  j unc t ion  and CD 
is  g iven  by a  = l . l l (VD-JS)V c0.02 m / s 2  CD D 
d~~ is  t h e  d i s t a n c e  t r a v e l l e d  w i t h i n  t h e  j unc t ion  ( m )  
d  are t h e  d i s t a n c e s  between t h e  c e n t r e  of t h e  dl' 2  
junc t ion  and t h e  e n t r y  and e x i t  r e s p e c t i v e l y  (m) 
d~~ i s  t h e  d i s t a n c e  o v e r  which d e c e l e r a t i o n  towards  
t h e  j unc t ion  t a k e s  p l a c e  and i s  g iven  by, 
d~~ i s  t h e  d i s t a n c e  over  which a c c e l e r a t i o n  away from 
t h e  junc t ion  t a k e s  p l a c e  and i s  g iven  by, 
For a  l e f t  t u r n ,  
J S =  0.84 ( E R +  EXR) m / s  
where ER,  EXR, are t h e  e n t r y  and e x i t  k e r b  r a d i i  ( m )  
For a  s t r a i g h t - a h e a d  movement where 0.5 ( E N A + E X A ) > ~ ~ ' ;  
JS  = 0.9 D + 2.03 m / s  
where D is  t h e  i n s c r i b e d  circle d i ame te r .  
The geome t r i c  pa r ame te r s  a r e  d e f i n e d  more f u l l y  
i n  f i g u r e s  (3.3.3-1) and (3 .3 .3 -2) .  
I f  t h e  c a l c u l a t e d  JS>V t h e n  J S  = V and d  = 0 A'  A AB 
and dCD = 0. 
If JS>V, and JS>VD, t h e n  J S  = 4 (VA+VD). 
I f  d e l a y  c a l c u l a t e d  is  < O f  t h e n  d e l a y  = 0. 
For movements a t  a g r ade - sepa ra t ed  roundabout  from a grade-  
s e p a r a t e d  arm t o  a non grade-separa ted  arm, t h e  geome t r i c  
d e l a y  i s  reduced ( b y  a  f a c t o r  of  1 . 2 )  because  o f  h i g h e r  
a c c e l e r a t i o n  r a t e s .  
L ---- 
Entry angle, 
ENA = angle between 
QP and EF 
Exit angle, 
to VW and QL 
Entry rad~us, 
ER - r in Fig. A1 
Exit radius, EXR - r' 
Figure 3.3.3-1 The measurement of para- 
meters associated with 
geometric delay. 
Sight distance, SD - ST 
h e m  T is visible from 
S at a height of 1.05m 
Figure 3.3.3-2 The measurement of parameters 
associated with geometric 
delay. 
( ~ e ~ r o d u c e d  from reference No. 3 8 )  
3.4 - A n  analys i s  of v e h i c l e  type effect on junction 
performance 
3.4.1 - Vehicle type and c ircu la t ing  flow 
A t  roundabouts  t h e  c i r c u l a t i n g  carr iageway t r a f f i c  
is mainly a f f e c t e d  by t h e  i n t e r s e c t i o n  geomet r ic  f e a t u r e s  
such as s i z e  and number of  l a n e s .  F l a r e d  approaches  and 
smaller c e n t r a l  i s l a n d s  enab le  h i g h e r  c a p a c i t i e s  t o  be ach ieved  
f o r  a  g iven  junc t ion  area t h a n  had p r e v i o u s l y  been p o s s i b l e .  
I n  a r e p o r t  by t h e  T ranspor t  and Road Research 
Laboratory (991 ,  t h e  passenger  c a r  u n i t  va lues  f o r  heavy com- 
mercial v e h i c l e s  were found no t  t o  have a wide v a r i a t i o n  be t -  
ween e n t r y  and c i r c u l a t i n g  f lows.  I n  c o n t r a s t  w i t h  o t h e r  ve- 
h i c l e s ,  mainly motor c y c l e s  and c y c l e s ,  t h e r e  w a s  a  wide d i f -  
f e r ence .  This  w a s  because t h e y  o f t e n  move between queues of  
t r a f f i c ,  t a k i n g  l i t t l e  e x t r a  road space ,  whereas i n  t h e  cir- 
c u l a t i o n  t h e y  i n h i b i t  e n t e r i n g  v e h i c l e s  a lmos t  as  much a s  
l i g h t  v e h i c l e s  do. Other  t y p e s  of  v e h i c l e s ~ e s p e c i a l l y  a r t ic -  
u l a t e d  goods v e h i c l e s  and double  decker  buses ,have g r e a t e r  
impact on d r i v e r  behaviour  and d e c i s i o n  when e n t e r i n g  o r  
l eav ing  t h e  c i r c u l a t i o n  carr iageway.  This  i s  because of t h e i r  
t u r n i n g  manoeuvres w i t h i n  t h e  c i r c u l a t i n g  carr iageway,  t h e i r  
low speeds  and t h e i r  tendency t o  block t h e  view of c a r  d r i v e r s  
so  t h a t  t h e y  have t o  w a i t  u n t i l  t h e  road i s  clear t o  be a b l e  
t o  dec ide  on whether t o  a c c e p t  o r  reject gaps  on t h e  c i r c u -  
l a t i n g  carr iageway.  These e f f e c t s  cause  g r e a t e r  d e l a y s  t o  
traffic flow at roundabouts intersections. 
3.4.2 - Vehicle type and roundabout performance 
The c a p a c i t y  o f  a roundabout i s  d e f i n e d  as t h e  
t o t a l  f low which can e n t e r  t h e  i n t e r s e c t i o n  when t h e r e  i s  
s a t u r a t i o n  (queue ing)  on a l l  t h e  approaches .  The c a l c u l a -  
t i o n  of c i r c u l a t i n g  f low can be ob ta ined  from t h e  e n t r y  
r e l a t i o n s h i p s  and t u r n i n g  movements of t h e  remaining e n t r i e s .  
I n  a  r e p o r t  by t h e  T ranspor t  and Road Research 
Laboratory ( g g ) ,  t h e  e f f e c t  of t r a f f i c  composi t ion i s  ex- 
p re s sed  i n  passenger  c a r  u n i t s  f o r  two t y p e s  of  v e h i c l e s  a s  
fo l lows  ; 
Ent ry  
Heavy v e h i c l e s  1 . 9  
Other  v e h i c l e s  0.2 
(two-wheelers 
mainly motor c y c l e s )  
C i r c u l a t i n g  
1 .7  
0.80 
From t h e s e  PCU v a l u e s  it i s  obvious  t h a t  t h e  range  
of v a l u e s  is  r e l a t i v e l y  narrow, bea r ing  i n  mind t h a t  t h e r e  
i s  o f t e n  cons ide rab le  v a r i a b i l i t y  i n  composi t ion a n a l y s i s  
of p u b l i c  road d a t a .  
The composi t ion between t h e  p r e s e n t  passenger  c a r  
u n i t  v a l u e s  r e p o r t e d  by .Semmens (100)and  t h e  prev ious  v a l u e s  
r e p o r t e d  by Glen, Summer and Kimber ( 9 9 )  i n d i c a t e  t h a t  e n t r y  
c i r c u l a t i n g  f lows a r e  t r e a t e d  t h e  same when expressed  i n  
P C U ' s ,  whi le  i n  t h e  p rev ious  r e p o r t  t h e y  were t r e a t e d  d i f -  
f e r e n t l y , e s p e c i a l l y  f o r  two-wheelers. 
I n  t h e  s t u d y  of  e n t r y / c i r c u l a t i n g  f low r e l a t i o n -  
s h i p ,  gap accep tance  c r i t e r i a  has  r ece ived  much a t t e n t i o n .  
This  i s  because it r e p r e s e n t s  t h e  degree  of v e h i c l e - v e h i c l e  
i n t e r a c t i o n s  t h a t  t a k e  p l ace  i n  t h e  r e g i o n  of t h e  e n t r y .  
The e f f e c t  of v e h i c l e  t y p e  on gap accep tance  w i l l  be i n v e s t i -  
ga t ed  i n  s e c t i o n  3.7 of t h i s  c h a p t e r .  
3 . 5 - Site selection and description 
3.5.1 - Introduction 
A wide range of d a t a  is  requ i red  t o  s tudy t r a f f i c  
performance a t  roundabout i n t e r s e c t i o n s ,  which w i l l  r e p r e s e n t  
var ious  s i t e s '  c h a r a c t e r i s t i c s .  The s i t e s  chosen f o r  t h e  
s tudy were r equ i red  t o  have one o r  more e n t r i e s  s a t u r a t e d  f o r  
40 minutes during e i t h e r  morning o r  a f te rnoon peak per iods  o r  
both. 
I n  a l l  counts ,  v e h i c l e s  werer c l a s s i f i e d  i n t o  f o u r  
' c a t e g o r i e s  which a r e :  
- passenger c a r s ;  
- l i g h t  goods veh ic les :  
- heavy goods v e h i c l e s ;  
- a r t i c u l a t e d  goods v e h i c l e s ,  buses and coaches. 
Data was c o l l e c t e d  from t h r e e  convent ional  roundabout app- 
roaches ,  t w o  a t  Hackney, Grea ter  London, and one a t  t h e  M606- 
motorway t e rmina t ing  roundabout a t  Bradford. 
3.5.2 - S i t e  s e l e c t i o n  cri teria 
S i t e s  chosen w e r e  t o  be s a t u r a t e d  f o r  a  p e r i o d  of 
f o r t y  minutes  a t  least d u r i n g  peak p e r i o d s  and w e r e  t o  c a r r y  
a  range of d i f f e r e n t  t y p e s  of  v e h i c l e s  i n  o r d e r  t h a t  t h e i r  
passenger  c a r  u n i t  v a l u e s  could be s imul taneous ly  c a l c u l a t e d ,  
and v e h i c l e  t ype  e f f e c t  on junc t ion  performance be i n v e s t i -  
ga t ed .  
The i n t e r s e c t i o n s  w e r e  t o  be ' conven t iona l '  i n  l ay-  
o u t ,  s o  comparison w i t h  o t h e r  r e s u l t s  would be p o s s i b l e .  
The e n t r i e s  w e r e  r e q u i r e d  t o  have good v i s i b i l i t y  w i t h  no 
obvious  s i g h t  r e s t r i c t i o n s  ( e . g .  b u i l d i n g s ,  v e g e t a t i o n ,  parked 
v e h i c l e s ) ,  nor  any s i g n i f i c a n t  number of  p e d e s t r i a n  movements. 
I n  a d d i t i o n ,  bus s t o p s  and s imilar  o b s t r u c t i o n s  were n o t  t o  be 
l o c a t e d  immediately beyond t h e  e x i t  t o  t h e  i n t e r s e c t i o n s .  
Given s u i t a b l e  weather  c o n d i t i o n s ,  t h e  f lows  a t  a l l  
approaches  w e r e  heavy enough t o  a l l o w  s u f f i c i e n t  d a t a  t o  be 
c o l l e c t e d  i n  o r d e r  t o  d e r i v e  gap accep tance  f u n c t i o n s .  
3.5.3 - S i t e  d e s c r i p t i o n s  
The fo l lowing  s i t e s  were chosen based on t h e  a f o r e -  
mentioned c r i t e r i a .  
1 - Old S t r e e t  (A5201)/City Road (A501) roundabout,  Hackney - 
London 
The i n t e r s e c t i o n  w a s  a f o u r - l e g  conven t iona l  rounda- 
bout .  It  w a s  a n  i d e a l  s i t u a t i o n  f o r  t h e  i n v e s t i g a t i o n  be- 
cause  of i t s  l o c a t i o n  on two major r o u t e s ,  t h e  A5201 and t h e  
A501. Both r o u t e s  c a r r i e d  a l a r g e  p r o p o r t i o n  of heavy com- 
m e r c i a l  v e h i c l e s  and double-deck buses  s e r v i n g  t h e  c e n t r a l  
commercial a r e a s  i n  Greater London, see f i g u r e s  (3.5.3-1) and 
The approach cons ide red  a t  t h i s  i n t e r s e c t i o n  w a s  
t h e  east-bound s e c t i o n  of Old S t r e e t  (A52011, which w a s  t h e  
i n n e r  c i t y  r i n g  road.  The approach c o n s i s t e d  of a two-lane 
carr iageway each  5.8m wide. The nea r  s i d e  l a n e  was l e v e l  
w i t h  good v i s i b i l i t y  and c l e a r  road markings a t  t h e  e n t r y ,  
and no p e d e s t r i a n  i n t e r f e r e n c e .  S a t u r a t i o n  l e v e l  was 
reached du r ing  bo th  t h e  morning and a f t e r n o o n  p e r i o d s  between 
7.30 a . m .  and 9.30 a.m. and 2.30 p.m. and 6.00 p.m. respec-  
t i v e l y .  
2 - C i t y  Road ( ~ 5 0 1 ) / 0 1 d  S t r e e t  (A5201) roundabout,  Hackney - 
London 
Figure  3 . 5 . 3 - 1  (A5201) Old S t r e e t / C i t y  Road Roundabout - 
LONDON. 
Figure 3 . 5 . 3 - 2  ( A 5 2 0 1 1  Old Street approach - London. 
Figure 3 . 5 . 3 - 3  (A5011  City Road approach - London). 
The approach under c o n s i d e r a t i o n  w a s  t h e  second 
l e g  of t h e  p r e v i o u s l y  d e s c r i b e d  Old S t r e e t  roundabout.  I t  
r e p r e s e n t e d  t h e  main r o u t e  connec t ing  east and c e n t r a l  
London. It w a s  of  two l a n e s  each  4m wide, see f i g u r e s  
(3.5.3-1) and (3 .5 .3-3) .  S a t u r a t i o n  l e v e l  w a s  reached a t  
t h e  approach d u r i n g  bo th  morning and a f t e r n o o n  p e r i o d s  be t -  
ween 7.30 a . m .  and 9.30 a.m. and 2.30 p.m. and 6.0 p.m. re- 
s p e c t i v e l y .  
Filming of t h i s  approach and t h e  approach pre-  
v i o u s l y  d i s c u s s e d  i n  (1) w a s  c a r r i e d  o u t  u s ing  a  v ideo  
f i l m i n g  technique .  The camera w a s  mounted on t h e - c e n t r a l  
i s l a n d  of t h e  roundabout which is  p a r t  of Old S t r e e t  under- 
ground s t a t i o n .  I t  w a s  a c c e s s i b l e  u s ing  t h e  subway t o  t h e  
c e n t r a l  i s l a n d  of t h e  roundabout 
The n e a r  s i d e  l a n e  used f o r  t h e  o b s e r v a t i o n  w a s  
a lmos t  l e v e l  and t h e r e  w a s  no p e d e s t r i a n  i n t e r f e r e n c e  a t  
t h e  p o i n t  of e n t r y .  
A summary of t h e  dimensions of t h e  approaches  and 
t h e  c i r c u l a t i n g  carr iageway i s  g iven  i n  t a b l e  (3.5.3-1). 
3 - ~ 6 0 6 / A 6 0 3 6  Rooley Lane roundabout, Bradford 
This  i n t e r s e c t i o n  was s i t u a t e d  sou th  of Bradford 
i n  t h e  W e s t  Riding of  Yorksh i re ,  a t  t h e  t e r m i n a t i o n  of t h e  
F i g u r e  3.5.3-4 (M606/A6036) R o o l e y  L a n e  R o u n d a b o u t  - 
BRADFORD. 
LOCATION 
F i g u r e  3 .5 .3 -5  ( M 6 0 6 / A 6 0 3 6  1 R o o l e y  L a n e  R o u n d a b o u t  - 
BRADFORD. 
M606 Motorway. The approach cons ide red  f o r  t h i s  s t u d y  w a s  
t h e  west-bound carr iageway of t h e  M606 which r e p r e s e n t s  t h e  
end of t h e  l i n k  between t h e  M62 Motorway and Bradford c i t y  
c e n t r e ,  see f i g u r e s  (3.5.3-4) and (3.5.3-5). 
The approach c a r r i e d  a l a r g e  p r o p o r t i o n  of heavy 
commercial v e h i c l e s  from t h e  M62 Motorway t o  Bradford.  The 
o t h e r  impor tan t  r o u t e  connected a t  t h i s  i n t e r s e c t i o n  i s  t h e  
A6036, which i s  a d u a l  ca r r iageway i n  bo th  east  and w e s t  
d i r e c t i o n s  a t  t h e  roundabout.  I t  c a r r i e d  t r a f f i c  between 
Ha l i f ax  and t h e  n o r t h e r n  and wes te rn  p a r t s  of Leeds; it a l s o  
forms p a r t  of t h e  C i t y  of Bradford r i n g  road.  
During peak hour s ,  t h e r e  w e r e  con t inuous  t r a f f i c  
queues i n  both l a n e s  of t h e  approachbut  t h e  queues on t h e  
nea r  s i d e  l a n e  were of l onge r  d u r a t i o n .  The d u r a t i o n  of 
s a t u r a t i o n  c o n d i t i o n  w a s  long  enough f o r  t h e  purposes  of  t h i s  
s t u d y  du r ing  bo th  morning and a f t e r n o o n  peak p e r i o d s .  
Table 3.5.3-1 S i t e s  Summary 
S i t e  
Old S t r e e t  
(A5201)/City Road 
C i t y  Road 
(A501)/01d S t r e e t  
M606/A6036) 
Rooley Lane 










Ci rcu la -  
t i n g  




En t ry  
Width 




3.6 - Filminq technique and data collection 
The v ideo  f i l m i n g  technique  d e s c r i b e d  i n  s e c t i o n  
(2 .6 .2)  of t h e  p rev ious  c h a p t e r  w a s  used t o  c o l l e c t  d a t a  
from each s i t e  i n v e s t i g a t e d .  This  t echnique  w a s  a ve ry  
good source  of i n fo rma t ion  f o r  t h e  a n a l y s i s  of  t r a f f i c  f lows .  
A t  s i t e  ( l ) ,  see f i g u r e  (3 .5 .3-2) ,  t h e  o b s e r v a t i o n  
was c a r r i e d  on f o r  a t o t a l  of  1 0  hours  d u r i n g  bo th  t h e  
morning and a f t e r n o o n  peak p e r i o d s .  
The t r a f f i c  movements . a t  bo th  approaches  a t  t h i s  
s i t e a r e  s h o w n i n  f i g u r e s  (3.5.3-2) and (3.5.3-3).  B o t h a p p -  
roaches  were f r e e  from any p h y s i c a l  o b s t r u c t i o n s  w i t h  clear 
t r a f f i c  s i g n s .  Also t r a f f i c  f low was f r e e  from p e d e s t r i a n  
involvement,  w i th  p e d e s t r i a n  subways l o c a t e d  on each s i d e  of 
t h e  approach,  s e e  f i g u r e s  (3.5.3-2) and (3 .5 .3-3) .  
Filming of both  approaches  w a s  conducted du r ing  
September, October and November 1984. 
A t  s i t e  ( 2 )  t h e  o b s e r v a t i o n s  were c a r r i e d  o u t  f o r  
a  t o t a l  of 1 0  hours  of  f i l m i n g ,  d u r i n g  t h e  morning and a f t e r -  
noon peak pe r iods .  
Observat ion a t  s i t e  ( 3 )  was c a r r i e d  o u t  f o r  a pe r iod  
of 15  hours  of f i l m i n g  d u r i n g  February,  March and A p r i l  1984. 
Fi lming  o f  t h e  approach  w a s  c a r r i e d  o u t  d u r i n g  morning and 
a f t e r n o o n  peak p e r i o d s  between 7 .30  a . m .  and 9 .00  a . m .  and 
2.30 p.m. t o  5.30 p . m .  r e s p e c t i v e l y .  The camera w a s  l o c a t e d  
on  t o p  o f  a h i l l  a t  t h e  s i d e  o f  t h e  roundabout  as i n d i c a t e d  
i n  f i g u r e  (3 .6 .3-5) .  
3.7 - Gap accep tance  o b s e r v a t i o n  a n a l y s i s  and d i s t r i b u -  
t i o n  f i t t i n g  
3.7.1 - Vehic l e  t y p e  gap accep tance  d i s t r i b u t i o n s  
A gap accep tance  a n a l y s i s  w a s  conducted f o r  each  of 
t h e  observed approaches .  S i n g l e  l a n e  t r a f f i c  movements 
( n e a r  s i d e  l a n e )  a t  t h e  e n t r y  w e r e  ana lysed  us ing  f i r s t  
d r i v e r s '  d e c i s i o n s  i n  o r d e r  t o  avo id  b i a s  towards s lower  
d r i v e r s .  
The main a i m  of t h e  a n a l y s i s  of gap accep tance  was 
t o  s tudy  t h e  behaviour  of d i f f e r e n t  t y p e s  of v e h i c l e s .  
Four main t y p e s  of v e h i c l e s  were cons ide red  (pas senge r  c a r s ,  
l i g h t  goods v e h i c l e s ,  heavy goods v e h i c l e s  and a r t i c u l a t e d  
goods v e h i c l e s ,  i n c l u d i n g  buses )  i n  t h e  a n a l y s i s  of  e n t r y  
movements and a  comparison between gap accep tance  f o r  each  
t y p e  of v e h i c l e  w a s  made. Th i s  comparison w a s  between t h e  
c a l c u l a t e d  mean v a l u e s  and s t a n d a r d  d e v i a t i o n  of t h e  observed 
d a t a  f o r  each  v e h i c l e  t y p e .  
The p r o b i t - a n a l y s i s  method developed by ~ i n n e y  (101) 
was used. The t h e o r e t i c a l  f i t  of t h e  cumulat ive  d i s t r i b u -  
t i o n  i s  performed by p l o t t i n g  t h e  p r o b i t  of  t h e  percen tage  
accep tance  a g a i n s t  t h e  l a g - c l a s s  mark. The b e s t  s t r a i g h t  
l i n e  f i t  i s  then  drawn through  such p o i n t s ,  u s ing  t h e  l i n e a r -  
r e g r e s s i o n  t echn ique .  The mean gap accep tance  i s . t h e  v a l u e  
when t h e  p r o b i t  i s  5 and t h e  s t a n d a r d  d e v i a t i o n  of l a g  ac- 
ceptance i s  e q u a l  t o  minus t h e  r e c i p r o c a l  of t h e  s l o p e  of t h e  
s t r a i g h t  l i n e .  
R e s u l t s  of  t h e  v e h i c l e  t y p e  gap accep tance  ana ly -  
sis are g iven  i n  t a b l e s  (3 .7 .1-1)  t o  (3.7.1-15) and are re- 
p re sen ted  g r a p h i c a l l y  t o g e t h e r  w i t h  t h e i r  p r o b i t  t rans forma-  
t i o n  i n  f i g u r e s  (3.7.1-I-) t o  (3.7.1-24).  
A summary of t h e  d i s t r i b u t i o n  parameters  c a l c u l a -  
t e d  f o r  each  s i t e  i s  g iven  i n  t a b l e s  (3 .7 .1-6) ,  (3.7.1-11) 
and (3.7.1-16).  I t  can be seen  from t h e s e  t a b l e s  t h a t  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  i n d i c a t e  a  good f i t  of  t h e  cumula- 
t i v e  normal d i s t r i b u t i o n  t o  t h e  c l a s s i f i e d  observed d a t a  of 
l a g  and gap accep tance .  
The r e s u l t s  showed v a r i a t i o n s  i n  gap accep tance  
f o r  t h e  d i f f e r e n t  t y p e s  of  v e h i c l e s  under c o n s i d e r a t i o n .  
It was found t h a t  t h e  d i f f e r e n c e  between mean gap accep tance  
va lues  f o r  passenger  c a r s  and a r t i c u l a t e d  goods v e h i c l e s  i s  
s i g n i f i c a n t  i n  urban s i t u a t i o n s  when compared w i t h  t h e  semi- 
r u r a l  s i t u a t i o n .  I n  t h e  former  c a s e  t h e  d i f f e r e n c e  between 
t h e  two v a l u e s  of mean gap accep tance  w a s  found t o  be 3.0 
seconds,  whi le  i n  t h e  l a t t e r  c a s e  it w a s  0.67 seconds.  This  
c o n d i t i o n  i s  due t o  t h e  geomet r i ca l  f e a t u r e s  of t h e  s e m i -  
r u r a l  i n t e r s e c t i o n  which provide  b e t t e r  f a c i l i t i e s  f o r  ve- 
h i c l e s  t o  manoeuvre, w i t h  less i n t e r f e r e n c e  from o t h e r  road 
u s e r s .  
Vehic le  t y p e  mean gap accep tance  r e s u l t s  show a 
s t r o n g  r e l a t i o n s h i p  between t h e  v e h i c l e  t ype  and t h e  c r i t e r i a  
of  a c c e p t i n g  o r  r e j e c t i n g  a gap o r  l a g .  Heavier  and l o n g e r  
v e h i c l e s  ( a r t i c u l a t e d  goods v e h i c l e s ,  buses ,  e t c . )  due t o  
t h e i r  lower a c c e l e r a t i o n  c a p a b i l i t i e s  and s i z e  compared w i t h  
passenger  cars r e q u i r e  l onge r  gaps  t o  e n t e r  t h e  c i r c u l a t i n g  
carr iageway.  This  e f f e c t  of t h e  v e h i c l e  t ype  performance 
r e f l e c t s  t h e  h igh  number of gap o r  l a g  r e j e c t i o n s  and t h e  
fewer gap and l a g  accep tances .  From summary t a b l e s  
(3 .7 .1-5) ,  (3.7.1-10) and (3 .7 .1-15) ,  it can be seen  t h a t  t h e  
average  gap accep ted  by passenger  cars i s  3.10 seconds,  where 
t h e  average  gaps accep ted  by l i g h t  goods v e h i c l e s ,  heavy 
goods v e h i c l e s  and a r t i c u l a t e d  goods v e h i c l e s  were found t o  
be 4 . 1 4  seconds,  4.64 seconds and 4.92 seconds,  r e s p e c t i v e l y .  
Table3.7.1-1Classification o f  data and d i s t r i b u t i o n  f i t t i n g  o f  l a g  and gap acceptance o f  
en try  movement (passenger c a r s )  , M 6 0 6  Motorway. 
I 
Lag and gap 
c l a s s  mark 
"t" seconds 
0.5 ---- J.49 
1.5 ---- 2.49 
2.5 ---- 3.49 
3.5 ---- 4.49 
4. c j  ---- ' 5.49 
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Figure 3.7.1-1~ag and gap acceptance distribution for 
entry flow (passenger cars),~606 Motorway. 
- 
standard deviation - 
correlation coefficient = 
e 
c o r r e l a t i o n  c o e f f i c i e n t  = 0.9867 
Y = 2.7176 + 0.6925 X 
Figure  3.7.1-2 P r o b i t  of  l a g  and gap accep tance  f o r  
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s t a n d a r d  d e v i a t i o n  = 1 . 1 0  
c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 8 0  
1 ' 2 3' 4' 5' 6' 7' d 
GAP AND LAG CLASS tlARK1SECONOS) 
Figure3.7 .1-3Lag and gap accep tance  d i s t r i b u t i o n  f o r  
e n t r y  f low ( l i g h t  goods v e h i c l e )  , M606 
Motorway. 
correlation coefficient = 0.9980 
Y = 1.6853 + 0.9115 .X 
Figure3.7.1-4 Probit of lag and gap acceptance for 
entry flow (light goods vehicle),~606 
Motorway. 
Figure  3 . 7 . 1 - 3  C 1 a s s i f i c a t i o n . d  d a t a  and d i s t r i b u t i o n  f i t t i n g  of l a g  and gap acceptance  
o f .  e n t r y  movement (heavy goods v e h i c l e )  ,M606 Motorway. 
6 
Lag and gap 
c l a s s  mark 
11 t I 1  seconds  
0 . 5  ---- .1. 49 
1 . 5  ---- 2 . 4 9  
2 . 5  ---- 3 .49  
3 . 5  ---- 4.49 
4 . 5  ---- ' 5 .49  
5 . 5  ---- ' 6 .49  
6 . 5  ---- . 7 . 4 9  
7 . 5  + 
Number 
accepted  






3 1  
Number 
r e j e c t e d  
i n  c l a s s  
4  
23 









2 2 . 2 2  
3 7 . 0 0  
8 8 . 2 4  
1 0 0  





6 .19  
- 
T h e o r e t i c a l  % 
acceptance  
cumulat ive  
normal 
d i s t r i b u t i o n  
- 
- 
2 9 . 1 2  
5 4 . 0 0  
77 .34  
9 7 . 7 2  
e standard deviat ion = 1 . 0 2  
corre lat ion c o e f f i c i e n t  = 0.9974 
0 1 1' 2' 9 4' s' 6' 7' d 
GAP AN0 LAG CLASS HARK (SECONDS) 
Figure3.7.1-5 Lag and gap acceptance d i s tr ibut ion  f o r  
entry f low (heavy goods veh ic l e  ) , ~ 6 0 6  
Motorway. 
c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 7 4  
Y = 1.1260 + 0.9760 X 
Figure3.7 .1-6  Probi t  o f  l a g  and gap acceptance f o r  
en try  f l ow  (heavy goods v e h i c l e ) , ~ 6 0 6  
Motorway. 
Table3.7.1-4Classification of'data and distribution fitting of lag and gap acceptance 
of entry movement (articulated goods vehicle),M606 Motorway. 
C 
Lag and gap 
class mark 
"t" seconds 
0.5 ---- 1.49 
1.5 ---- 2.49 
2.5 ---- 3.49 
3.5 ---- 4.49 














































s t a n d a r d  d e v i a t i o n  
c o r r e l a t i o n  c o e f f i c i e n t  
Uf I I 2' 3' 4' 5' 6' 7' d 
GAP AN0 LAG CLASS HARK (SECONOS) 
Figure  3.7.1-7 Lag and gap accep tance  d i s t r i b u t i o n  f o r  
e n t r y  f low ( a r t i c u l a t e d  goods v e h i c l e ) ,  
M606 Motorway. 
correlation coefficient = 0.9991 
u 1 1' 2 3' 4' 5' 4' 7' 
GAP AND LAG CLASS MRK(SEC0NOS)  
Figure 3.7.1-8 Probit of lag and gap acceptance for 
entry flow (articulated goods vehicle), 
M606 Motorway. 

Table3.7.1-6Classification of data  and d i s t r i b u t i o n  f i t t i n g  of l a g  and gap acceptance  
of entry movement (passenger  c a r s )  , O l d  S t r e e t .  
* 
Lag and gap 
c l a s s  mark 
"t" seconds  
0.5 ---- 1.49 
1.5 ---- 2.49 
2.5 ---- 3.49 
3.5 ---- 4.49 
4. t j  ---- ' 5.49 
5.3 ---- '6.49 












r e j e c t e d  






















T h e o r e t i c a l  % 
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cuntulative 
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GAP AND LAG CLASS HARK (SEtONOS) 
Figure3.7.1-g Lag and gap acceptance distribution Lor entry 
flow (passenger cars),Old Street. 
Figure 3.7.1-10Probit of lag and gap acceptance for 
entry flow (passenger cars 1, old 
Street. 
Correlation coefficient = .9932 
Y = 2.1099 + 0.9409 X 
T a b l e  3 .7 .1 -  7 C l a s s i f i c a t i o n  of d a t a  a n d  d i s t r i b u t i o n  f itchg o f  l a g  a n d  g a p  a c c e p t a n c e  
o f  e n t r y  movement ( l i g h t  g o o d s  v e h i c l e ) , o i d  S t r e e t .  
e 
Lag a n d  g a p  
class mark  
"t" s e c o n d s  
0.5 ---- .l. 49 
1 . 5  '---- 2.49 
2 .5  ---- 3.49 
3 .5  ---- 4.49 
4.5 ---- ' 5.49 
5.3 ---- '6.49 
6 .5  ---- .7 .49 
7 . 5  + 
Number 
a c c e p t e d  
i n  class 
0  
t3 
1 6  
3  0  
58 
62 
1 5 9  
Number 
rejected 
i n  class 
55  
6 3  
46 
2 1  
1 0  
3 
0  
P e r c e n t a g e  
o f  
a c c e p t a n c e  
- 
11 .30  
26 .00  
59 .00  
8 5 . 0 0  
95.00 
1 0 0  
P r o b i t  
- 
3 .79  
4 .36 
5 .23  
6 .04  
6 .65  
T h e o r e t i c a l  % 
a c c e p t a n c e  
c u m u l a t i v e  
n o r m a l  
d i s t r i b u t i o n  
8 .85  
29.12 
57 .93  




s t a n d a r d  d e v i a t i o n  = 1.35 
c o r r e l a t i o n  c o e f f i c i e n t  = 0.990 
I 
Q i  1 '  2 3' 5' 6' 7' d 
GAP AND LAG CLASS MARK(SECONOS1 
Figure3.7.1-11 Lag and gap accep tance  d i s t r i b u t i o n  f o r  e n t r y  
f low ( l i g h t  goods v e h i c l e s ) ,  o l d  S t r e e t .  
C o r r e l a t i o n  c o e f f i c i e n t  = 0.9899 
Y = 2 . 2 5 4 6  + 0.7391 X 
Figure3.7.1-12 Prob i t  of l a g  and gap acceptance f o r  
e n t r y  flow ( l i g h t  goods v e h i c l e s ) ,  
Old S t r e e t .  
T a b l e  3.7.1-8 C l a s s i f i c a t i o n  of d a t a  and  d i s t r i b u t i o n  f i t t i n g  o f  l a g  and  g a p  a c c e p t a n c e  
of e n t r y  movement ( h e a v y  goods v e h i c l e ) , O l d  Street. 
1 
Lag and  g a p  
c l a s s  mark 
"t" s e c o n d s  
1 .49  0.5 ---- 
1 . 5  ---- 2.49 
3.49 2.5 ---- 
3.5 ---- 4.49 
4 t j  ---- ' 5.49 
5.5 ---- '6.49 
6.5 ---- .7.49 
7.5 + 
Number 
a c c e p t e d  










r e j e c t e d  
i n  c l a s s  
4 1  
53  
66 
5 1  
25  
1 0  
2 
0 
P e r c e n t a g e  
o f  








1 0 0  





4 .70  
5.64 
6 .65  
- 
T h e o r e t i c a l  % 
a c c e p t a n c e  
c u m u l a t i v e  
norma 1 









Figure  3.7.1-13 Lag and gap accep tance  d i s t r i b u t i o n  f o r  e n t r y  
f low (heavy goods v e h i c l e s ) , o l d  S t r e e t .  






















s t a n d a r d  d e v i a t i o n  =1.23 
E o r r e l a t i o n  c o e f f i c i e n t  =0.995 
1 ' 2' 3' 4' 5' 6' 7' d 
GAP AN0 LAG CLASS MRK(SECONDS1 
Figure 3.7 .1-14Probit  of  l a g  and gap acceptance f o r  
entry flow (heavy goods v e h i c l e s ) ,  
Old S t r e e t .  
Tab le3 .7 .1 -g  C l a s s i f i c a t i o n  o f  d a t a  a n d  d i s t r i b u t i o n  f i t t i n g  o f  l a g  and  g a p  a c c e p t a n c e  
o f  e n t r y  movement ( a r t i c u l a t e d  goods  v e h i c l e ) , . O l d  Street. 
T h e o r e t i c a l  % 
a c c e p t a n c e  
c u m u l a t i v e  
no rma l  








95 .70  
- 










P e r c e n t a g e  
o f  









1 0 0  
Number 
r e j e c t e d  
i n  class 





3 1  




a c c e p t e d  











Lag a n d  g a p  
class mark 
"tl' s e c o n d s  
.l. 49 0.5 ---- 
2.49 1 . 5  ---- 
3.49 2.5 ---- 
3.5  ---- 4.49 
4.5 ---- 5.49  
5 .5  ---- '6.49 
6.5 ---- .7 .49 
7.5 ---- 8.49 
8.5+ 
i 
I c o r r e l a t i o n  c o e f f i c i e n t  
d 1' 2' 3 4' 5' 6' 7 # 9 
GAP AND LAG CLASS tlARK(SECON0S) 
Figure  3.7.1-15 Lag and gap accep tance  d i s t r i b u t i o n  f o r  
e n t r y  f low ( a r t i c u l a t e d  goods v e h i c l e s ) ,  
Old S t r e e t .  
C o r r e l a t i o n  c o e f f i c i e n t  = 0.9966 
Y = 0.5985 + 0.7586 X 
Figure  3.7.1-16 Prob i t  of l a g  and gap accep tance  f o r  
e n t r y  f low ( a r t i c u l a t e d  goods v e h i c l e s ) , .  
Old Street.  
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GAP AND LAG CLASS tlARK(SECON0S) 
Figure3.7.1-18 Probit of lag and gap acceptance for 
entry flow (passenger cars),City Road. 
mean - 
s t a n d a r d  d e v i a t i o n  - 
c o r r e l a t i o n  c o e f f i c i e n t  = 
I 
0 1 1 ' 2' 3' 4l '3 4' 7' a' 
GAP AND LAG CLASS HARK (SECONDS) 
Figure3.7.1-17 Lag and gap accep tance  d i s t r i b u t i o n  f o r  
e n t r y  f low (passenger  c a r s ) , C i t y  Road. 
Table 3.7.1-12Classification of data and distribution fitting of lag and gap acceptance 
of entry movement (light goods vehicles),city Road.  
I 
Lag and gap 
class mark 
"t" seconds 
0.5 ---- 1.49 
1.5 ---- 2.49 
2.5 ---- 3.49 
3.5 ---- 4.49 
4.5 ---- 5.49 
5.5 ---- '6.49 



























































Figure3.7 .1-19 Lag and gap  a c c e p t a n c e  d i s t r i b u t i o n  f o r  
e n t r y  f l ow  ( l i g h t  goods v e h i c l e s ) ,  
C i t y  Road. 
." 
- 
c o r r e l a t i o n  c o e f f i c i e n t  
u 1 '  4' 51 6' 7 d 
GAP AND LAG CLASS tlARK(SEC0NDS) 
Figure 3.7 .1-20Probit  of lag  and gap acceptance f o r  
entry flow ( l i g h t  goods v e h i c l e s ) ,  
City Road. 
Table  3 . 7  . l -13 C l a s s i f i c a t i o n  df d a t a  and d i s t r i b u t i o n  f i t t i n g  of  l a g  and gap accep tance  
of e n t r y  movement (heavy goods v e h i c l e s ) , C i t y  Road.  
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"t" seconds 
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2.49 1.5 ---- 
2.5 ---- 3.49 
3.5 ---- 4.49 
4.5 ---- 5.49 
5.5 ---- '6.49 
6.5 ---- . 7 . 4 9  
7.5 ---- 8.49 
8.5+ 
Number 
accep ted  











standard deviation = 1.68 
correlation coefficient = 0.9985 
01 1 2 3' 4' sf 6' 7' rf 9 
GAP AND LAG CLASS tlARK(SECONOs1 
Figure 3.7.1-21Lag and gap acceptance distribution for 
entry flow (heavy goods vehicles), 
City Road. 
C o r r e l a t i o n  c o e f f i c i e n t  = 0.9985 
Y = 1.7723 + 0.5949 X 
F igure  3.7.1-22Probit  of l a g  and gap accep tance  f o r  
e n t r y  f low (heavy goods v e h i c l e s )  , 
C i t y  Road. 
T a b l e  3 . 7 . 1 - 1 4 C l a s s i f i c a t i o n  o f  d a t a  and  d i s t r i b u t i o n  f i t t i n g  o f  l a g  a n d  g a p  a c c e p t a n c e  
o f  e n t r y  movement ( a r t i c u l a t e d  goods  v e h i c l e s ) , C i t y  Road. 
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s tandard  d e v i a t i o n  
I c o r r e l a t i o n  c o e f f i c i a n t  
Figure 3 .7 .1-23~ag and gap acceptance d i s t r i b u t i o n  f o r  
e n t r y  flow ( a r t i c u l a t e d  goods vehic les) ,  
C i t y  Road. 
C o r r e l a t i o n  c o e f f i c i e n t  = 0..9995 
Y = 0.5259 + 0.7891 X 
F i g u r e 3 . 7 . 1 - 2 4 P r o b i t  o f  l a g  and  g a p  a c c e p t a n c e  for 
e n t r y  f l o w  ( a r t i c u l a t e d  goods  v e h i c l e s ) ,  
C i t y  Road. 

3.7.2 - Gap accep ted  r ange  and  vehicle type r e l a t i o n s h i p  
A t  t h e  t h r e e  s i tes  observed ,  t h e  r e s u l t s  showed a 
wide range of v a r i a t i o n s  i n  t h e  accep ted  gap s i z e s  c o r r e s -  
ponding t o  t h e i r  v e h i c l e  t y p e .  For each  v e h i c l e  t ype  t h e  
minimum gap s i z e  accep ted  w a s  no ted  and t h e  maximum va lue  
w a s  c o n t r o l l e d  by ze ro  number of r e j e c t i o n .  
Tables  ( 3.7.2-1) t o  (3.7.2-3 ) show t h e s e  v a r i a -  
t i o n s  and t h e i r  cor responding  number of  o b s e r v a t i o n s  f o r  each  
type  of v e h i c l e  cons ide red .  F igu re  (3.7.2-1) shows t h e  com- 
p a r i s o n  between t h e  r e s u l t s  of t h e  t h r e e  s i tes  under s tudy .  
I t  was found t h a t  a t  sites (1) and ( 2 )  t h e  minimum 
va lues  of gaps accep ted  w e r e  t h e  same f o r  each  t y p e  of ve- 
h i c l e ,  whi le  f o r  s i t e  ( 3 )  t h e y  d i f f e r e d  s l i g h t l y .  The 
maximum gap s i z e s  t o  be r e j e c t e d  w e r e  lower a t  s i t e  ( 3 )  t h a n  
t h o s e  of s i tes  (1) and ( 2 ) .  The maximum f o r  a r t i c u l a t e d  
goods v e h i c l e  f o r  example w a s  8.5 seconds a t  s i te  (1) whi l e  
it w a s  6 .5  seconds a$ s i te  ( 3 ) .  
Th i s  shows a g a i n  t h a t  t h e  e f f e c t  of v e h i c l e  t y p e  
i n  t h e  semi- rura l  s i t u a t i o n  i s  less t h a n  t h a t  i n  t h e  urban 
s i t u a t i o n .  
Table 3.7.2-1 Vehic le  t y p e  gap s i z e s  f o r  s i t e  (1) - Old 
S t r e e t ,  London. 
Vehicle  
TYPe 





Minimum gap observed Maximum gap Number of 
t o  be accepted  observed t o  observa- 
be accepted  t i o n s  
2 5.5 430 
2 6.5 333 
3 7.5 305 
4 8 .5  291 








Minimum gap observed Maximum gap Number of 
t o  be accepted  observed t o  observa- 
be accepted  t i o n s  
2 6.5 355 
2 7.5 189 
3 8.5 200 
4 8.9 200 








Minimum gap observed Maximum gap Number of 
t o  be accepted  observed t o  observa- 
be accepted  t i o n s  
2 5.5 538 
2 5.5 39 
3 6.0 57 
3 6.5 29 

3.8 - Passenger  car u n i t  a n a l y s i s  
3.8.1 - Procedure  adopted  f o r  computing passenger  car u n i t s  
The headway c r i t e r i a  was cons ide red  i n  t h e  computa- 
t i o n  of passenger  c a r  u n i t s  a t  roundabout e n t r i e s .  A number 
of s a t u r a t e d  i n t e r v a l s  w e r e  ana lysed  t o  s tudy  t h e  r a t e  of  d i s -  
charge of  v e h i c l e s .  During each  s a t u r a t e d  i n t e r v a l  t h e  num- 
b e r  of v e h i c l e s  d i scha rged  was cons idered  t o  be r e l a t e d  t o  a 
c o n s t a n t  f a c t o r .  This  f a c t o r  i s  t h e  average  headway between 
passenger  cars e n t e r i n g  t h e  c i r c u l a t i n g  s e c t i o n .  
The a n a l y s i s  was a l s o  based on t h e  c r i t e r i o n  t h a t  
t h e  t r a f f i c  demand i s  s u f f i c i e n t  t o  cause  queueing on t h e  
approach.  
  his c o n d i t i o n  i s  termed s a t u r a t i o n  and t h e  
d u r a t i o n  is  termed s a t u r a t i o n  i n t e r v a l  " t s " .  
I f  hcc i s  cons idered  as  t h e  mean headway of pas- 
senger  cars o n l y  e n t e r i n g  t h e  c i r c u l a t i n g  s e c t i o n ,  then :  
1 
............... R a t e  of  d i s c h a r g e  = - 3.8.1-1 
iicc 
So t h e  t o t a l  number of passenger  c a r s  "N" discharged  d u r i n g  
t h e  s t a u r a t e d  i n t e r v a l  
ts/- N = hcc ............................ 3.8.1-2 
and t h e  t o t a l  number of  v e h i c l e s  of d i f f e r e n t  t y p e s  could 
be expressed  i n  passenger  c a r  u n i t s  by m u l t i p l y i n g  each  type  
of v e h i c l e  by i t s  PCU f a c t o r  
s o  N = blX1+b2X2+b3X3 .......... +b X .......... 3.8.1-3 i i 
where 
b  = pas senge r  c a r  u n i t  f o r  v e h i c l e  t y p e  i i 
X = number of v e h i c l e s  o f  t y p e  i i 
For t h e  purpose  of  t h i s  s t u d y ,  f o u r  c a t e g o r i e s  o f  
v e h i c l e s  were c o n s i d e r e d ,  pa s senge r  cars, l i g h t  goods ve- 
h i c l e s ,  heavy goods v e h i c l e s  and a r t i c u l a t e d  goods v e h i c l e s /  
buses .  
I n  t h e  above e q u a t i o n  "6cc"  w a s  o b t a i n e d  by ana- 
l y s i n g  a number o f  g roups  o f  c a r s  o n l y  e n t e r i n g  t h e  c i r c u -  
l a t i n g  s e c t i o n  w i t h i n  t h e  t r a f f i c  f l ow  a t  t h e  approach l a n e .  
The number o f  e ach  v e h i c l e  t y p e  w a s  observed  d u r i n g  each  
s a t u r a t e d  i n t e r v a l  " t s " .  Then u s i n g  e q u a t i o n  ( 3 . 5 . 3 )  mul- 
t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  w a s  used t o  c a l c u l a t e  PCU 
f a c t o r s .  
3.8.2 - Computer programming and analysis 
The l a r g e  amount of d a t a  o b t a i n e d  from f i l m  ana- 
l y s i s  of roundabout i n t e r s e c t i o n s  i n v e s t i g a t e d  w a s  ana lysed  
us ing  computer programming. The s t a t i s t i c a l  Package o f  t h e  
S o c i a l  Sc iences  (SPSS) program, d e s c r i b e d  i n  s e c t i o n  (2 .7 .3 )  
of t h e  p rev ious  c h a p t e r ,  w a s  used. The t h r e e  t y p e s  of mul- 
t i p l e  l i n e a r  r e g r e s s i o n  w i t h  v a r i a b l e  s e l e c t i o n  of s t a t i s t i -  
cal r e s u l t s  were used i n  t h e  a n a l y s i s ;  t h e y  a re : -  
i - Forward method ( s t e p w i d e )  i n c l u s i o n .  
ii - Stepwide M u l t i p l e  Regress ion.  
iii - Backward E l imina t ion .  
Equation (3.8.1-3) w a s  used i n  which t h e  independent  
v a r i a b l e s  were t h e  i n i t i a l  i n p u t  t o  t h e  program, i n  t h i s  
case t h e  numbers of each  v e h i c l e  t ype  cons idered  a t  t h e  s a tu -  
r a t i o n  i n t e r v a l .  The dependent v a r i a b l e  i s  t h e  s a t u r a t e d  
' i n t e r v a l  d i v i d e d  by t h e  mean headway of  passenger  c a r s .  A s  
a n  example; 
S a t u r a t e d  i n t e r v a l  C a r s  LGV HGV AGV 
mean t i m e  headway 
10.67 4 2 1 1 
Appendix "B" c o n t a i n s  d a t a - f i l e  samples. 
T r a f f i c  d a t a  were s t o r e d  in a micro computer 
dur ing  f i l m  a n a l y s i s  i n  t h e  l a b o r a t o r y  and t h e n  f e d  i n t o  t h e  
CYBER computer a t  t h e  U n i v e r s i t y  of Bradford by d i r e c t  l i n k  
through i n t e r p r e t i n g  t h e  word "card"  t o  i n d i c a t e  a l i n e  of 
t e rmina l - inpu t .  
The o u t p u t  of  t h e  f i r s t  s t e p  of t h e  m u l t i p l e  re- 
g r e s s i o n  i s  as fo l lows :  
- - - 
(i)  X1, X 2 ,  X3 . . . . . . Y ,  t h e '  means of a l l  v a l u e s  f o r  each  
type  of v e h i c l e .  
(ii) S  S1lt 22' S33 . . . t h e  "sample sum of squa re s" ,  t h e  summa- 
t i o n  o v e r  a l l  d a t a  p o i n t s  of  t h e  
v a r i a n c e  squared ,  used t o  o b t a i n  t h e  
sample v a r i a n c e  and s t a n d a r d  d e v i a t i o n .  
(iii) r ,  r , ... r c o r r e l a t i o n  m a t r i x  where r is  t h e  i n  nn i j 
c o r r e l a t i o n  c o e f f i c i e n t  between x  i and 
x  ( t h e  independent  v a r i a b l e s ) ,  j 
see Appendix C f o r  f u l l y  i l l u s t r a t e d  example. 
This  o u t p u t  w a s  t h e n  u t i l i s e d  i n  t h e  second s t e p  of 
t h e  m u l t i p l e  l i n e a r  r e g r e s s i o n  program t o  determine t h e  a c t u a l  
va lues  of  t h e  unknown PCU f a c t o r s .  I n  t h i s  i n s t a n c e ,  v a l u e s  
were r e q u i r e d  f o r  a l l  f o u r  independent  v a r i a b l e s ,  b u t  it i s  
p o s s i b l e  t o  o b t a i n  v a l u e s  f o r  two, t h r e e  o r  more of t h e  v a i -  
a b l e s  i n  combination.  
A s  d i s c u s s e d  i n  s e c t i o n  ( 2 . 7 . 3 )  of  t h e  p rev ious  
chap te r ,  t h e  o u t p u t  of t h e  program i s  mainly t h e  passenger  
c a r  u n i t  v a l u e s  w i th  t h e i r  s t a n d a r d  e r r o r ,  s t a n d a r d  dev ia -  
t i o n ,  c o r r e l a t i o n  c o e f f i c i e n t s  and o t h e r  s t a t i s t i c a l  v a l u e s  
t o  t e s t  t h e  s i g n i f i c a n c e  and t h e  l e v e l  of conf idence  i n  t h e  
computed r e s u l t s .  Mul t ip l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  was 
a l s o  used t o  t e s t  hypotheses  about  t h e  r e l a t i o n s h i p  between 
a dependent v a r i a b l e  and two o r  more independent  v a r i a b l e s ,  
and f o r  p r e d i c t i o n .  
The ( t  s ta t i s t i c s )  and "F" va lue  a r e  g iven  i n  t h e  
d i s c u s s i o n  a f t e r  each  equa t ion .  The s t a n d a r d  e r r o r  of  t h e  
c o e f f i c i e n t  parameters  are g iven  i n  p a r e n t h e s i s  below t h e  
parameter  i n  t a b u l a r  form. R ,  t h e  c o e f f i c i e n t  of determina-  
t i o n ,  i s  used t o  measure t h e  e x p l a n a t o r y  power of t h e  reg-  
r e s s i o n  equa t ion .  The e x p l a n a t o r y  power of t h e  co -e f f i -  
c i e n t  i s  determined by t h e  deg rees  of conf idence  by which t h e  
tes t  w i l l  be accep ted ;  * deno te s  t h e  10.00 p e r  c e n t  l e v e l  of 
con£ idence ;  ** t h e  5 .00  p e r  c e n t  l e v e l  of conf idence ;  and 
*** t h e  1.00 p e r  c e n t  l e v e l  of conf idence.  The t s t a t i s t i c  
f o r  each  parameter  estimate g i v e s  t h e  va lue  of t h e  parameter  
e s t i m a t e  d i v i d e d  by i t s  e s t i m a t e d  s t a n d a r d  d e v i a t i o n  ( t h e  
s t anda rd  e r r o r ) .  This  va lue  can be compared d i r e c t l y  t o  
2 
c r i t i c a l  v a l u e s  i n  t h e  t - t a b l e .  R i s  d e f i n e d  as  t h e  pro- 
p o r t i o n  of t h e  t o t a l  v a r i a t i o n  i n  Y (dependent  v a r i a b l e ) ,  
exp la ined  by t h e  r e g r e s s i o n  of Y on X ( independent  v a r i a b l e ) .  
The o v e r a l l  s i q n i f i c a n c e  of  t h e  r e q r e s s i o n  can be t e s t e d  wi th  
t h e  r a t i o  of  t h e  exp la ined  t o  t h e  unexplained v a r i a n c e .  
I f  t h e  c a l c u l a t e d  F r a t i o  exceeds  t h e  t a b u l a r  of F a t  t h e  
s p e c i f i e d  l e v e l  of s i g n i f i c a n c e  and deg rees  of freedom, 
t h e  hypo thes i s  i s  accep ted .  
3 . 8 . 3  - Passenger  car u n i t s  i n  u rban  s i t u a t i o n s  
The a n a l y t i c a l  method o u t l i n e d  i n  s e c t i o n  (3 .8 .1 )  
o f  t h i s  c h a p t e r  was used t o  o b t a i n  t h e  pa s senge r  car u n i t  
v a l u e s  f o r  urban s i t u a t i o n s .  The r e s u l t s  o b t a i n e d  u s i n g  
t h e  t h r e e  r e g r e s s i o n  methods d i s c u s s e d  i n  t h e  p r e v i o u s  sec- 
t i o n  ( 3 . 8 . 1 )  of  t h i s  c h a p t e r  are t a b u l a t e d  i n  t a b l e  (3.8.3-1) 
f o r  s i t e  "1"  (Old S t r e e t )  and t a b l e  (3 .8 .3-2)  f o r  s i t e  "2" 
( C i t y  Road).  The computer o u t p u t s  a r e  g iven  i n  Appendix 
"B" w i t h  a l l  t h e  s t a t i s t i ca l  v a l u e s  r e l a t e d  t o  t h e  c a l c u l a -  
t i o n  of pa s senge r  car.  u n i t  v a l u e s .  
Using t h e  t h r e e  r e g r e s s i o n  methods of  t h e  package 
(SPSS) a t  t h e  U n i v e r s i t y  of  Bradford  CYBER, gave t h e  s a m e  
v a l u e s  f o r  t h e  PCU f a c t o r s .  
Tab le  (3.8.3-1) and t a b l e  (3 .8 .3-2)  show t h e  re- 
s u l t s  of  t h e  passenger  car u n i t  v a l u e s  o b t a i n e d  from Old 
S t r e e t  (A5201) and C i t y  Road (A501).  A t  t h e  two approaches  
t h e  observed compos i t ion  of  t r a f f i c  w a s  a s  f o l l o w s ;  
Veh ic l e  
Type 
Passenger  cprs 
L i g h t  goods v e h i c l e  
Heavy goods v e h i c l e  
A r t i c u l a t e d  goods v e h i c l e s  
and double  decke r  buses  
Old 
S t r e e t  
C i t y  
Road 
The f i n a l  e q u a t i o n  f o r  t h e  f i r s t  s i t e  is:  
and f o r  t h e  second s i te  is: 
where X X and X are t h e  number of  t h e  above t y p e s  l f  X2' 3  4  
of v e h i c l e  r e s p e c t i v e l y .  The v a l u e s  g iven  i n  b r a c k e t s  
below each f a c t o r  of  t h e  f i n a l  e q u a t i o n  a r e  t h e  F and t 
va lues .  F and t v a l u e s  w e r e  found t o  be h i g h l y  s i g n i f i c a n t  
a t  t h e  l e v e l  of 0 .1  p e r  c e n t .  Th i s  exceeded t h e  t a b u l a r  
va lue  of F  which e q u a l s  9.12 and t which e q u a l s  1 . 5 3 3 3 .  
To test  t h e  o v e r a l l  s i g n i f i c a n c e  of t h e  r e g r e s s i o n  
( F )  t e s t  ( o v e r a l l  v a l u e )  was computed and t h e  r e s u l t  w a s :  
s i t e  (1) F  = 3629 S i g n i f i c a n t  F  = 0.000 
s i te  ( 2 )  F = 4 3 7 0  S i g n i f i c a n t  F  = 0.000 
F  va lues  a r e  h i g h l y  s i g n i f i c a n t  a t  t h e  l e v e l  of 0.01 p e r  
cen t .  This  exceeded t h e  t a b u l a r  va lue  of  F which e q u a l s  
9.12 a t  1 p e r  c e n t  l e v e l .  Therefore  t h e  hypo thes i s  i s  
accepted  t h a t  t h e  r e g r e s s i o n  parameters  are s i g n i f i c a n t l y  
r e l a t e d .  
The computed passenger  c a r  u n i t  ( P C U )  v a l u e s  
ob ta ined  f o r  urban s i t u a t i o n  update  and ex t end  t h e  i n f o r -  
mation r e l a t e d  t o  t h e  c h a r a c t e r i s t i c s  of t h e  v a r i o u s  ve- 
h i c l e  t y p e s .  They i n d i c a t e  t h e  d i f f e r e n c e  i n  t h e  opera- 
t i o n a l  c a p a b i l i t y  of  each  t y p e  of v e h i c l e  a t  t h e  e n t r y  t o  
t h e  c i r c u l a t i n g  s e c t i o n .  Because of t h e  v a r i a t i o n  i n  t h e s e  
va lues  t r a f f i c  composi t ion should be cons idered  a s  a main 
f a c t o r  i n  t h e  s tudy  of i n t e r s e c t i o n  c a p a c i t y  and d e l a y  t o  
v e h i c l e s .  Those two f a c t o r s  w i l l  be d i s c u s s e d  i n  l a te r  
s e c t i o n s  of t h i s  c h a p t e r .  
SITE 1 
T a b l e  3.8.3-1 Computed r e s u l t s  o f  PCU 
v a l u e s  ( O l d  S t r e e t  - London) 
V e h i c l e  
Type 
P a s s e n g e r  C a r  
C 
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & Buses  
AGV C B 
* 
P a s s e n g e r  C a r  
U n i t  V a l u e s  
( s t a n d a r d  e r r o r s  
are g i v e n  i n  
b r a c k e t s  1 
1 .00  
( 0 . 0 5 5 )  
........................................ 
1.15 
( 0 . 1 3 8 )  
........................................ 
2.16 
( 0 . 0 9 3 )  
........................................ 
2.99 
( 0 . 1 6 8 )  
SITE 2 
Tab le  3 . 8 . 3 - 2  Computed r e s u l t s  o f  PCU 
v a l u e s  ( C i t y  Road - London).  
V e h i c l e  
Type 
Passenger  Car 
C 
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
. HGV . 
A r t i c u l a t e d  Goods 
V e h i c l e  & Buses  
AGV & B 
P a s s e n g e r  Car 
U n i t  Ca lues  
( s t a n d a r d  errors 
a r e  g i v e n  i n  
b r a c k e t s  
1 . 0 0  
( 0 . 0 4 9 )  
........................................ 
1 . 1 4  
( 0 . 1 3 4 )  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (  
2 . 1 5  
( 0 . 0 8 9 )  
........................................ 
2 . 9 7  
( 0 . 1 5 1 )  
3 - 8 - 4  - Passenger car units in semi-rural situations 
Passenger  car u n i t  v a l u e s  w e r e  o b t a i n e d  u t i l i z i n g  
t h e  a n a l y t i c a l  method o u t l i n e d  i n  s e c t i o n  (3.5) of t h i s  
chap te r  and are p re sen ted  i n  t a b u l a r  form. The computer ou t -  
p u t s  a r e  g iven  i n  Appendix B ,  showing a l l  t h e  s t a t i s t i c a l  
va lues  r e l a t e d  t o  t h e  c a l c u l a t i o n  of  passenger  c a r  u n i t  
f a c t o r s .  
The t h r e e  r e g r e s s i o n  methods, (see s e c t i o n  3.8.11, 
used t o  compute PCU v a l u e s  produced i d e n t i c a l  r e s u l t s .  
Table  (3.8.4-1) shows t h e  r e s u l t s  of t h e  passenger  c a r  u n i t  
va lues  o b t a i n e d  from t h e  M606/A6036 Rooley Lane roundabout - 
Bradford.  
A t  t h i s  s i t e  t h e  observed composi t ion of t r a f f i c  
w a s  as fo l lows ;  
Passenger  c a r s  63% 
L igh t  goods v e h i c l e s  1 4 %  
Heavy goods v e h i c l e s  13% 
A r t i c u l a t e d  goods v e h i c l e s  1 0 %  
The r e l a t i o n s h i p  o b t a i n e d  by r e g r e s s i o n  w a s ;  
F***(63.014) ***(14.383) ***(21.97) ***(39.56)  
t (7 .94)  ( 3 . 8 )  ( 4 . 7 )  ( 6 . 3 )  
where XL, X 2 t  X 3 ,  and X 4  a r e  t h e  number of t h e  above t y p e s  of 
v e h i c l e  r e s p e c t i v e l y .  The v a l u e s  g iven  i n  b r a c k e t s  . 
below each  f ac to r ; .  of  .. t h e  5inak. equa t ion ,  a re . .  the F-and 
t va lues .  
To test  t h e  o v e r a l l  s i g n i f i c a n c e  of t h e  r e g r e s -  
s i o n ,  t h e  s t a t i s t i c a l  r e s u l t s  were compared w i t h  s t a n d a r d  
s t a t i s t i c a l  v a l u e s  i n  s t a t i s t i c s  t a b l e s .  The o v e r a l l  
F  va lue  computed w a s  532.336 which i s  h i g h l y  s i g n i f i c a n t  a t  
t h e  l e v e l  of 0.1 p e r  c e n t  of conf idence .  Th i s  exceeded t h e  
t a b u l a r  v a l u e  of F which e q u a l s  9.12 a t  one p e r  c e n t  l e v e l .  
Over a l l  r e g r e s s i o n  va lue  i s  0.9939 and t h e  F and t computed 
and t a b u l a r  v a l u e s  a r e  g iven  below a t  1 p e r  c e n t  l e v e l  of  
s i g n i f i c a n c e  f o r  each  v e h i c l e  t ype  PCU f a c t o r ;  
Vehicle  Type ~ ( c o m p u t e d )  F ( t a b u 1 a r )  T(comp.) T ( t a b u 1 a r )  
passenger  car 63 9.12 7.938 1.533 
l i g h t  goods ve- 14.38 9.12 3.79 1.533 
h i c l e s  
heavy goods ve- 21.98 9.12 4.69 1.533 
h i c l e s  
a r t i c u l a t e d  39.56 9.12 6.29 1.533 
goods v e h i c l e s  
The r e s u l t s  showed t h a t  t h e  r e l a t i o n s h i p  between t h e  r a t i o  
ts/,- i n  e q u a t i o n  (3 .8 .1-2)  and t h e  t o t a l  number of ve- 
h i c l e s  conver ted  t o  PCU1s is  s i g n i f i c a n t  and p o s i t i v e l y  
r e l a t e d .  
On t h e  b a s i s  of  t h e  r e s u l t s ,  it i s  r easonab le  t o  
conclude t h a t  t h e  adopted method f o r  e s t i m a t i n g  passenger  
c a r  u n i t  v a l u e s  w i l l  p rov ide  a  s a t i s f a c t o r y  means f o r  t h e  
s tudy  of v e h i c l e  performance i n  t h e  o p e r a t i n g  c o n d i t i o n s  of 
roundabouts.  
Table  ( 3 . 8 . 4 - 2 )  g i v e s  a summary of t h e  computed 
va lues  of passenger  car u n i t s .  I t  can be seen  t h a t  passen-  
g e r  c a r  u n i t  v a l u e s  f o r  heavy and a r t i c u l a t e d  goods v e h i c l e s  
a t  s i tes  (1) and ( 2 )  a r e  h i g h e r  t h a n  t h o s e  a t  s i t e  ( 3 )  which 
i n d i c a t e s  t h e i r  g r e a t e r  e f f e c t s  i n  t h e  urban s i t u a t i o n  t h a n  
i n  t h e  s emi - ru ra l  s i t u a t i o n .  Th i s  i s  because of  t h e  d i f -  
f e r e n c e  i n  t h e  geomet r ic  f e a t u r e s  of t h e  si tes which p rov ide  
d i f f e r e n t  manoeuvring f a c i l i t i e s .  
F i n a l l y  t h e  d r i v e r s  i n  t h e  urban s i t u a t i o n  must 
observe speeds  which are normal ly  lower t h a n  t h o s e  observed 
by d r i v e r s  i n  t h e  s emi - ru ra l  s i t u a t i o n .  
Passenger  car u n i t  v a l u e s  a t  s i tes (1) and ( 2 )  a r e  
1 .15,  2.16 and 1 .98 f o r  l i g h t ,  heavy and a r t i c u l a t e d  goods 
v e h i c l e s  r e s p e c t i v e l y .  Passenger  c a r  u n i t  v a l u e s  a t  s i t e  
( 3 )  a r e  1.16,  1 .86  and 2.16 f o r  l i g h t ,  heavy and a r t i c u l a t e d  
goods v e h i c l e s .  
SITE 3 
r------ 
Vehic le  
Type 
1 Passenger  C a r  
L igh t  Goods 




Vehic le  
HGV 
.................... 
A r t i c u l a t e d  Goods 
Vehic le  & Buses 
I AGV & B 
Passenger  C a r  
Uni t  V a l u e s  
( s t a n d a r d  e r r o r s  
a r e  g iven  i n  
b r a c k e t s  
Table  3.8.4-1 Computed r e s u l t s  of  PCU 
v a l u e s  ( M 6 0 6 )  
T a b l e  3..8.4-2Summary o f  computed  r e s u l t s  o f  PCU v a l u e s  f o r  
t h e  3 sites.  
- 
V e h i c l e  
Type 
P a s s e n g e r  C a r  
C  
L i g h t  Goods 
V e h i c l e  
LGV 
Heavy Goods 
V e h i c l e  
HGV 
A r t i c u l a t e d  Goods 
V e h i c l e  & B u s e s  
AGV & B 
i 
Mean PCU V a l u e s  
( S t a n d a r d  errors are i n  b r a c k e t s )  
S i t e  (1) 
1 . 0 0  
( 0 . 0 5 5 )  
~ e . . ~ . . m . m . . . . . . m . . ~ a ~ a ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ r n ~ a a ~ ~ ~ ~ ~ a ~ a ~ a ~ ~ m o  
1 . 1 5  
( 0 . 1 3 8 )  
.............................................................. 
2 .16  
( 0 . 0 9 3 )  
................................................................ 
2.99 
( 0 . 1 6 8 )  
S i t e  ( 2 )  
1 . 0 0  
( 0 . 0 4 9 )  
1 . 1 4  
( 0 . 1 3 8 )  
2 .15  
( 0 . 0 8 9 )  
2 .97  
( 0 . 1 5 1 )  
S i t e  ( 3 )  
1 . 0 0  
( 0 . 1 3 9 )  
1 . 1 6  
( 0 . 3 3 9 )  
1 . 8 6  
( 0 . 4 4 2 )  
2 .16 
( 0 . 3 8 2 )  
3.9 - The e f f e c t  of v e h i c l e  t y p e  on e n t r y  c a p a c i t y  
3.9.1 - I n t r o d u c t i o n  
The c a p a c i t y  of  a n  i n t e r s e c t i o n  i s  of prime i m p ~ r -  
t a n c e  i n  t h e  s t u d y  of  i t s  performance. Using t h e  d a t a  ob- 
t a i n e d  f o r  t h e  geomet r ic  and t r a f f i c  parameters  t h e  r e l a t i o n -  
s h i p  between e n t r y / c i r c u l a t i n g  f low have been i n v e s t i g a t e d .  
The i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  by c a l c u l a t i n g  e n t r y  f low 
"Qe" (pcu/h)  and c i r c u l a t i n g  f low Qc (pcu /h ) .  These v a l u e s  
w e r e  ob t a ined  by us ing  t h e  geomet r ic  parameters  f o r  each  i n -  
t e r s e c t i o n  and by us ing  t h e  computed passenger  c a r  u n i t s .  
The r e l a t i o n s h i p s  between t h e  two parameters  were t h e n  p l o t t e d .  
S ince  t h e  c a p a c i t y  of t h e  roundabout i s  a f f e c t e d  by t r a f f i c  
composi t ion,  v e h i c l e  t ype  e f f e c t s  on e n t r y / c i r c u l a t i n g  f low 
performance were determined us ing  v e h i c l e  t ype  pe rcen tages  and 
t h e i r  PCU v a l u e s ,  where e n t r y / c i r c u l a t i n g  f lows  are expressed  
i n  pcu/h. For each  approach pe rcen tages  of  v e h i c l e  t y p e s  
were recorded du r ing  t h e  i n v e s t i g a t i o n  a t  peak hours .  Also 
maximum observed f lows  were ob ta ined .  Using t h e  u n i f i e d  
formula (92) t o  c a l c u l a t e  roundabout c a p a c i t y ,  p r e d i c t e d  and 
observed f lows  w e r e  compared t o  show t h e  e f f e c t  of v e h i c l e  
t ypes .  
3.9.2 - Vehic le  type/entry - c i r c u l a t i n g  f l o w  r e l a t i o n s h i p  
A t  t h e  t h r e e  s i tes ,  o b s e r v a t i o n s  of e n t r y  and cir-  
c u l a t i n g  f lows  were c a r r i e d  o u t  f o r  a t o t a l  p e r i o d  of s i x  
hours  each  du r ing  morning and a f t e r n o o n  peak hours .  Heavy 
and a r t i c u l a t e d  goods v e h i c l e s  were combined and were expres -  
sed a s  a percen tage  of t h e  t o t a l  f low both  f o r  e n t r y  and c i r -  
c u l a t i n g  f lows.  The v a r i a t i o n s  i n  bo th  e n t r y  and c i r c u l a t i n g  
f lows corresponding t o  t h e  pe rcen tages  of t h e  above t y p e s  of  
v e h i c l e s  were p l o t t e d  and shown i n  f i g u r e s  (3.9.2-1) t o  
(3.9.2-6) f o r  sites 1, 2 and 3  r e s p e c t i v e l y .  
The f i g u r e s  show t h a t  bo th  e n t r y  and c i r c u l a t i n g  
f lows  a r e  a f f e c t e d  by t h e  i n c r e a s e  i n  t h e  pe rcen tages  of  buses ,  
heavy and a r t i c u l a t e d  goods v e h i c l e s .  Ent ry  and c i r c u l a t i n g  
f lows  a r e  reduced when t h e  percen tage  of heavy and a r t i c u l a -  
ted goods v e h i c l e s  i n c r e a s e s .  This  i n d i c a t e s  h i g h e r  PCU 
va lues  f o r  heavy v e h i c l e s  compared w i t h  passenger  c a r s .  
S i t e s  (1) and ( 2 )  show agreements i n  t h e  way t h a t  
t h e  percen tage  of heavy and a r t i c u l a t e d  goods v e h i c l e s  a£-. 
f e c t s  t h e  e n t r y / c i r c u l a t i n g  f lows  whereas s i te  ( 3 )  shows a 
d i f f e r e n t  p a t t e r n .  I n  t h i s  ca se ,  t h e  i n c r e a s e d  percen tage  
of heavy v e h i c l e s  has  a less s i g n i f i c a n t  e f f e c t  on e n t r y /  
c i r c u l a t i n g  f lows.  
Figure  3.9.2-1 Observed e n t r y  f lows and percen tages  of 
heavy and a r t i c u l a t e d  goods v e h i c l e s  
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PERCENTAGE OF HEAVY GOODS VEHICLE 
Figure  3.9.2-2 Observed c i r c u l a t i n g  f lows  and pe rcen tages  
of heavy and a r t i c u l a t e d  goods v e h i c l e s  
r e l a t i o n s h i p s .  Old S t r e e t  - London. 
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PERCENTAGE OF HEAVY GOODS VEHICLE 
Figure  3 .9 .2 -3  Observed e n t r y  f lows  and percen tages  of 
heavy and a r t i c u l a t e d  goods v e h i c l e s  
r e l a t i o n s h i p s .  C i t y  Road - London. 
s' I ol 1 9  2d 25' 
PERCENTAGE OF HEAVY GOODS VEHICLE 
Figure  3.9.2-4 Observed c i r c u l a t i n g  f lows and pe rcen tages  
of heavy and a r t i c u l a t e d  goods v e h i c l e s  























Figure 3 . 9 . 2 - 5  Observed e n t r y  f l ows  and percentages  o f  
heavy and a r t i c u l a t e d  goods v e h i c l e s  
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PERCENTAGE OF HEAVY GOODS VEHICLE 
Figure  3 .9 .2-6  Observed c i r c u l a t i n g  f lows and pe rcen tages  
of heavy and a r t i c u l a t e d  goods v e h i c l e s  
r e l a t i o n s h i p s .  M606 Motorway. 
3.9.3 - Comparison w i t h  t h e  TRRL u n i f i e d  c a p a c i t y  formula  
The s i t e s  chosen f o r  t h e  s t u d y  as  mentioned b e f o r e  
were r e q u i r e d  t o  have cont inuous  queueing f o r  p e r i o d s  of  a t  
l e a s t  f o r t y  minutes  d u r i n g  t h e  morning o r  t h e  a f t e r n o o n  peak 
hours .  The i r  geomet r ic  parameters  a r e  a s  shown i n  t a b l e  
(3 .9 .3-4) .  The diagram of t h e  approaches  under cons ide ra -  
t i o n  a r e  a s  shown i n  f i g u r e s  (3.5.3-1) t o  (3 .5 .3 -5 ) .  
To i n v e s t i g a t e  t h e  c a p a c i t y  of t h e  approaches1  
t o t a l  e n t r y  wid ths  w e r e  cons ide red  t o  c a l c u l a t e  e n t r y  f lows .  
Measurements were made of IIQe", t h e  s a t u r a t e d  e n t r y  f low 
( i . e .  t h e  f low e n t e r i n g  t h e  roundabout when t h e r e  w a s  
queueing i n  bo th  approach l a n e s )  and of "Qc", t h e  c o r r e s -  
ponding c i r c u l a t i n g  f low. 
Observa t ions  were t aken  f o r  consecut ive  s a t u r a t e d  
i n t e r v a l s  of  s i x  minutes  du r ing  peak pe r iods .  Veh ic l e s  
were c l a s s i f i e d  as "passenger  c a r s N r  " l i g h t  goods v e h i c l e s " ,  
"heavy goods v e h i c l e s "  and " a r t i c u l a t e d  goods v e h i c l e s " .  
The s i tes1  geomet r ic  parameters  were used t o  c a l -  
c u l a t e  t h e  f a c t o r s  "F" and I1f cll i n  t h e  u n i f i e d  formulae  f o r  
urban and semi- rura l  s i t u a t i o n  ( 9 2 ) .  The f a c t o r s  are;  
For s i te  ( i )  
Qe = F-f. Q pcu/h C c! 
F o r  s i te  ( 2 )  
Qe = F - fcQc ~ c u / h  
F  = 3087.9 
f  = 0 . 6 4 5  
C 
Qe = 3 0 8 7 . 9  - 0 . 6 4 5  x Q p c u / h  C 
F o r  s i t e  ( 3 )  
Qe = 1 . 1 1 F  - 1 . 4 0  f  Q  C C 
F  = 2 2 7 6 . 6  
£ c  = 0 . 5 3 1  
Qe = 2 5 2 7 . 0 3  - 0 . 7 4 3  x Qc p c u / h  
T h e  o b s e r v e d  e n t r y  a n d  c i r c u l a t i n g  f l o w s  w e r e  
c a l c u l a t e d  u s i n g  t h e  c o m p u t e d  p a s s e n g e r  car u n i t s  i n  t h e  
p r e v i o u s  s e c t i o n  of t h i s  c h a p t e r .  T h e y  are: 
Type  of P a s s e n g e r  car u n i t  v a l u e s  
v e h i c l e  S i t e  (1) S i t e  ( 2 )  S i t e  ( 3 )  
C a r s  1 . 0 0  1 . 0 0  1 . 0 0  
LGV 1.15 1 . 1 4  1 . 1 6  
HGV 2 . 1 6  2 . 1 5  1 . 8 6  
AGV 2 . 9 9  2 .97  2 .16  
The observed e n t r y  and c i r c u l a t i n g  f lows  shown i n  
t a b l e s  (3.9.3-11, (3.9.3-2) and (3.9.3-3) f o r  s i tes  ( 1 1 ,  
( 2 )  and ( 3 )  r e s p e c t i v e l y ,  w e r e  s e l e c t e d  from f o u r  h i g h l y  
s a t u r a t e d  i n t e r v a l s  of 6  minutes  d u r a t i o n  f o r  each  s i t e .  
They are conver ted  t o  passenger  car u n i t s  p e r  hour u s ing  t h e  
above computed va lues  and t h e  percen tage  of each  v e h i c l e  
t ype  observed.  
C i r c u l a t i n g  Flows Ent ry  Flows 
V P H  PCU/H V P H  PCU/H 
1320 1797 2110 2874 
1460 1979 2061 2807 
1122 1521 2230 3035 
1455 1981 2  012 2739 
Table 3.9.3-1 Observed c i r c u l a t i n g  and e n t r y  f lows ,  Old 
S t r e e t  - London. 
S ince  many p u b l i c  road junc t ions  c a r r y  d i f f e r e n t  
percen tages  of heavy commercial v e h i c l e s  w i th  a wide range  
of s i z e s  and combination ranging  from a r t i c u l a t e d  goods ve- 
h i c l e s  and double  decker  buses  t o  tw in  and t r i p l e  t r a i l e r s  
which o p e r a t e  under c o n d i t i o n s  of imbalanced demand, t h e r e -  
f o r e  v e h i c l e  t ype  e f f e c t s  va ry  a t  d i f f e r e n t  j unc t ions  depen- 
d ing  on junc t ion  l a y o u t s ,  number of  a r m s  and t r a f f i c  demand. 
The observed f lows a t  t h e  sites i n v e s t i g a t e d  were 
C i r c u l a t i n g  Flows E n t r y  Flows 
VPH PCU/H VPH PCU/H 
968 1397  1920  2703 
1242  1748  1822 2564 
1 1 1 4  1513  1896 2668 
1436 2020 1 7 8 1  2393 
T a b l e  3.9.3-2 Observed  c i r c u l a t i n g  and e n t r y  f l o w s ,  C i t y  
Road - London. 
C i r c u l a t i n g  Flows E n t r y  Flows 
VPH PCU/H VPH PCH/H 
1223 1546  1407 1778  
1462 1878  1280  1617 
1322 1668 1396 1809 
1527 1 9 6 1  108 7 1385 
Tab le  3.9.3-3 Observed c i r c u l a t i n g  and e n t r y  f l o w s ,  M606 
Motorway - Brad fo rd .  
p l o t t e d  and compared w i t h  v a l u e s  o b t a i n e d  by t h e  a p p l i c a -  
t i o n  of t h e  u n i f i e d  formulae developed by t h e  T ranspor t  
and Road Research Laboratory.  F igu res  (3.9.3-11, 
(3.9.3-2) and (3 .9 .3-3)  show observed and p r e d i c t e d  e n t r y /  
c i r c u l a t i n g  f l aw  r e l a t i o n s h i p s  f o r  sites ( I ) ,  ( 2  ) and ( 3  ) 
r e s p e c t i v e l y .  
I n  o r d e r  t o  show t h e  e f f e c t  of t r a f f i c  composi- 
t i o n  a t  each  s i t e ,  t h e  fo l lowing  r e s u l t s  w e r e  o b t a i n e d  from 
f i g u r e s  (3.9.3-1) t o  (3 .9 .3-3) .  
For a va lue  of  1,7.00 pcu/h of c i r c u l a t i n g  f low 
t h e  d i f f e r e n c e s  between observed and p r e d i c t e d  e n t r y  f lows  
were : 
A t  s i t e  (1) 880 pcu/h 
A t  s i te  ( 2 )  590 pcu/h 
A t '  s i te  ( 3  ) 485 pcu/h 
The d i f f e r e n c e s  a r i s e  from t h e  v a r i a t i o n  i n  t h e  
percen tages  of heavy commercial v e h i c l e s  a t  each  s i t e ,  which 
i s  r e l a t e d  t o  t h e  f i n d i n g s  i n  s e c t i o n  (3 .9 .2 )  of t h i s  chap- 
t e r .  A l s o  i t  i s  due t o  t h e  v a r i a t i o n s  i n  t h e  e n t r y  w id ths  
of t h e  approaches  and t o  t h e  d i f f e r e n c e  i n  u s e  of t h e  cir- 
c u l a t i n g  carr iageway by d i f f e r e n t  v e h i c l e  t ypes .  
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Figure 3.9.3-1 Observed and p r e d i c t e d  flow r e l a t i o n s h i p s .  
S i t e  1. 
300q Observed -- - -- 
2p0d Pxedicted 
Figure  3.9.3-2 Observed and p r e d i c t e d  r e l a t i o n s h i p s .  
S i t e  2. 
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Figure  3 . 9 . 3 - 3  Observed and p r e d i c t e d  r e l a t i o n s h i p s .  
S i t e  3 .  
3.10 - E f f e c t  of vehicle type on delay 
Vehic le  d e l a y  is  g e n e r a l l y  viewed by t r a f f i c  
e n g i n e e r s  as a measure of  i n t e r s e c t i o n  performance. The 
v a r i a t i o n  i n  v e h i c l e  t ype  c h a r a c t e r i s t i c s  and pe rcen tage  
i s  cons idered  i n  t h i s  s t u d y  a s  one of  t h e  t r a f f i c  f a c t o r s  
t h a t  a f f e c t  de l ay .  I n  t h i s  s t u d y  t h e  approach t r a f f i c  
f low i s  ana lysed  by grouping v e h i c l e s  i n t o  f o u r  t y p e s  
(passenger  cars, l i g h t  goods v e h i c l e s ,  heavy goods v e h i c l e s  
and a r t i c u l a t e d  goods v e h i c l e s ) .  The v a l u e s  of  mean gap 
accep tance  f o r  each  v e h i c l e  t ype  are: 
Locat ion Vehic le  Gap mean % of  Combined mean 
t y p e  accep tance  v e h i c l e  gap accep tance  
( seconds ) t y p e  ( seconds 
............................................................... 
S i t e  (1) C a r s  22.42 61% 
Old S t r e e t  LGV 3.715 18% 3.20 
HGV 5.269 10% 
AGV 5.802 11% 
S i t e  (2) C a r s  3.108 62% 
C i t y  Road LGV 3.977 15% 3.80 
HGV 5 . 4 2 6  11% 
AGV 5.669 12% 
S i t e  (39 C a r s  3.296 63% 
M6 06 LGV 3.637 1 4 %  3.52 
HGV 3.969 13% 
AG'J 4 . 1 4 1  10% 
............................................................... 
According t o  t h e  l a t e s t  d e s i g n  c r i t e r i a  of t h e  
Transpor t  and Road Research Labora tory ,  roundabouts could 
be t r e a t e d  a s  a series of T- junc t ions .  The junc t ions  are 
of p r i o r i t y  t ype  i n  which a l l  v e h i c l e s  are t u r n i n g  l e f t .  
Therefore  t h e  average  d e l a y  t o  e n t e r i n g  v e h i c l e s  could be 
c a l c u l a t e d  us ing  t h e  proposed formula by Tanner (102). 
The v a r i a b l e s  used t o  c a l c u l a t e  average d e l a y  i n  
t h i s  formula a r e :  
1 - The c i r c u l a t i n g  volume q 1 
2 - The e n t r y  volume q2 
3 - The minimum t i m e  headway between c i r c u l a t i n g  
v e h i c l e s  P I  
4 - The minimum t i m e  headway between e n t r y  v e h i c l e ' p  2 
5 - The average  l a g  o r  gap " a "  i n  t h e  c i r c u l a t i n g  f low 
accep ted  by e n t r y  f low d r i v e r s .  
The c i r c u l a t i n g  f low f o r  t h e  i n v e s t i g a t i o n  i s  a 
f i x e d  va lue  of 700 v e h i c l e s  p e r  hour and t h e e n t r y  f low i s  
t o  vary  from 100 t o  500 v e h i c l e s  p e r  hour i n  50 v e h i c l e s  p e r  
hour s t e p  i n c r e a s e .  The procedure  t o  f i n d  mimimum t i m e  
headway i n  bo th  t h e  e n t r y  and c i r c u l a t i n g  f lows is  t o  con- 
s i d e r  a bunch o r  p l a toon  of  v e h i c l e s  fo l lowing  each  o t h e r  
w i th  minimum s e p a r a t i o n .  The mean l a g  o r  gap "oc" f o r  each  
i n d i v i d u a l  v e h i c l e  a s  o b t a i n e d  i n  s e c t i o n  ( 3 . 8 )  of  t h i s  
c h a p t e r  i s  used.  Also t h e  combined mean gap accep tance  i s  
used f o r  comparison purposes  u s ing  t h e  percen tage  of each  
v e h i c l e  type  a t  each  s i t e  f o r  t h e  c a l c u l a t i o n  of d e l a y .  
Tanner (102)p roposed  t h a t  t h e  average  d e l a y  t o  
- 
minor road v e h i c l e s  w2 cou ld  be determined from, 
exp lql ( .a - ~ b l ) ]  1 E(Y) = - - 
91 (1 - p lq l )  91 
2 exp r q ,  ( a  -,P, 11 
2  L * aJ E(Y ) = 2 2 1 exp [q2 ( a -  o1 1 ] -aql (1- plql 
41  (1- pl) 
The r e s u l t s  of  average  d e l a y  f o r  each  s i t e  are 
t a b u l a t e d  and g iven  i n  t a b l e s  ( 3.10.1 ) t o  ( 3. l o .  2 . 
The f i r s t  s t a g e  of a n a l y s i s  i s  t o  c o n s i d e r  100% 
of a  p a r t i c u l a r  v e h i c l e  t y p e  p r e s e n t  i n  t h e  approach t r a f f i c  
f low. The mean gap accep tance  f o r  each  type  i s  then  used 
t o  c a l c u l a t e  average  d e l a y .  The second s t a g e  i s  t o  use  t h e  
combined mean gap accep tance  i n  t h e  c a l c u l a t i o n  of average  
de lay .  
F igu res  (3 .10 .1)  t o  (3 .10.3)  show t h e  v a r i a t i o n  i n  
average d e l a y  t o  v e h i c l e s  acco rd ing  t o  v e h i c l e  t ype  and 
t r a f f i c  volume. 
The r e s u l t s  i n d i c a t e d  t h a t  average  d e l a y  t o  ve- 
h i c l e s  i n c r e a s e s  w i t h  t h e  pe rcen tages  of h e a v i e r  v e h i c l e s  
p r e s e n t  i n  t h e  t r a f f i c  f low.  This  i s  because of t h e i r  
a b i l i t y  t o  manoeuvre. 
The r e s u l t s  of average  d e l a y  t o  v e h i c l e s  o b t a i n e d  
by us ing  t h e  combined mean gap accep tance  are found t o  have 
va lues  c l o s e r  t o  t h o s e  of  t h e  h i g h e s t  percen tage  of v e h i c l e  
t ype  p r e s e n t  i n  t h e  t r a f f i c  s t ream.  The r e s u l t s  i n d i c a t e d  
t h e  s i g n i f i c a n c e  of gap accep tance  mean v a l u e s  on ave rage  
de l ay  which r e f l e c t  t h e  e f f e c t  of d i f f e r e n t  v e h i c l e  t y p e s  on 
de l ay  as  t h e y  va ry  i n  t h e i r  gap accep tance .  
A s  i t  has  been shown by graphs ,  t h e  d e l a y  v a l u e s  
ob ta ined  us ing  Tanners e q u a t i o n  show a n  agreement between 
si tes (1) and ( 2 ) .  Heavy and a r t i c u l a t e d  goods v e h i c l e  
show h i g h e r  v a l u e s  of d e l a y  compared w i t h  t h o s e  of c a r s ,  
l i g h t  goods v e h i c l e s  and combined flow. A t  s i t e  ( 3 )  d e l a y  
va lues  show less e f f e c t  and lower v a l u e s  t h a n  average  d e l a y  
a t  s i tes (1) and ( 2 ) ,  which i n d i c a t e s  t h e  s i g n i f i c a n t  e f f e c t s  
of v e h i c l e  t y p e s  a t  urban sites. 

T a b l e  3.10.2 Average d e l a y  t o  e n t r y  flow ( C i t y  Road - London) 
. 
E n t r y  
f l o w  v/h 
100  








C i r c u l a t i n g  
f l o w  v/h 
700 
# I  
II 
I t  
I 1  
t I  
II 
I 1  
I 1  
v 
Average  d e l a y  ( s e c o n d s )  
100% . 1 0 0 %  1 0 0 %  100% Combined 
C a r s  LGV HGV AGV 
2.5 3.88 7.52 8 .35  3.56 
2.8 4.46 8.95 10 .00  4.08 
3 . 3  5.17 10 .9  1 2 . 4 0  4.71 
3.8 6 .08  13 .80  16 .00  5 .51  
4.40 7 .28  18 .50  22.10 6.55 
5.10 8 . 9 3  27.30 34.90 7.95 
6.10 11 .35  49.70 77.60 9.94 
7 .50  1 5 . 2 4  232.60 - 1 3 . 0 0  
9.50 22 .51  - - 18 .31  
. 
T a b l e  3 .10 .3  Average  d e l a y  t o  e n t r y  t r a f f i c  f l o w  (M606 - B r a d f o r d )  
Ave rage  d e l a y  ( s e c o n d s  ) 
1 0 0 %  1 0 0 %  1 0 0 %  100% Combined 
Cars LGV HGV AGV 
2 .76 3 .28  3 .86  4.20 3 .10  
3 .14 3 . 7 5  4.44 4 .83 3 .53  
3 .60  4.30 5 .10  5 .60  4.06 
4 .20 5 .00  6 .10 6 .70  4 .72 
4 .90  5 .90  7 .20  8 . 0 0  5.55 
5 .80  7 .20  8 . 9 0  1 0 . 0 0  6.64 
I 7 .00  8 .80  1 1 . 3 0  1 2 . 9 0  8 .13  
8 .60  11 .30  15 .10  17 .80  1 0 . 3 0  
1 1 . 1 0  1 5 . 4 0  22.30 27.90 1 3 . 7 1  
E n t r y  
f l o w  v /h  
1 0 0  
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A : Cars 
B : LGV 
C : HGV 
D : AGV 
E : Combined Flow 
Figure 3.10.1 Average delay to entry traffic flow (Old Street - 
London 1 . 
A : C a r s  
B : LGV 
C : HGV 
D : AGV 
E : Combined Flow 
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Figure  3.10.2 Average d e l a y  t o  e n t r y  t r a f f i c  f low ( C i t y  Road - 
London) . 





F i gu re  3.10.3 Average d e l a y  t o  e n t r y  t r a f f i c  f low (M606 - 
B r a d f o r d ) .  
Effects of Vehicle Type on 
Rural Motorway Flow 
CHAPTER FOUR 
E f f e c t  of v e h i c l e  type o n  r u r a l  motorway f low 
4.1  - I n t r o d u c t i o n  and summary 
Vehic le  t y p e ,  d e s i g n  and performance a r e  f a c t o r s  
a f f e c t i n g  c a p a c i t y ,  s a f e t y  and l e v e l  o f  s e r v i c e s  on r u r a l  
and urban roads .  The i n c r e a s e  of heavy commercial ve- 
h i c l e s  has  a g r e a t  i n f l u e n c e  on  t h e  o p e r a t i o n  of o t h e r  ve- 
h i c l e s  and i s  a growing concern of highway d e s i g n e r s .  I t  
i s  t h e  a i m  of t h i s  c h a p t e r  t o  s tudy  some of t h e  e f f e c t s  of 
v e h i c l e  t ype  on highway t r a f f i c  f low,  expressed  i n  t h e i r  
passenger  c a r  u n i t  e q u i v a l e n c i e s  and speed c h a r a c t e r i s t i c s .  
4.2 - Speed d i s t r i b u t i o n  s t u d i e s  
4 . 2 . 1  - I n t r o d u c t i o n  
Speed, f low and c o n c e n t r a t i o n  a r e  t h e  fundamental  
parameters  when d e s c r i b i n g  t r a f f i c  f low. Speed may be 
de f ined  as t h e  r a t e  of t r a v e l  o r  t h e  r a t e  of  movement o f  a 
v e h i c l e ,  u s u a l l y  expressed  i n  k i l o m e t r e s  p e r  hour (krn/h) o r  
i n  miles p e r  hour (mph) and i s  g e n e r a l l y  q u a l i f i e d  acco rd ing  
t o  t h r e e  main types :  
( a )  Spot  speed: t h e  i n s t a n t a n e o u s  speed of  a  v e h i c l e  a t  any 
s p e c i f i e d  p o i n t .  
( b )  Running speed: t h e  average  speed main ta ined  ove r  a p a r t i -  
c u l a r  s e c t i o n  o f  a  highway on which t h e  v e h i c l e  i s  moving, 
( c a l c u l a t e d  by d i v i d i n g  l e n g t h  of s e c t i o n  of highway by 
t i m e  v e h i c l e  is  i n  motion,  no t  i n c l u d i n g  s topped d e l a y s ) .  
( c )  Journey speed: t h e  e f f e c t i v e  speed of t h e  v e h i c l e  on a 
journey between two p o i n t s  ( found by d i v i d i n g  d i s t a n c e  
between t h e  two p o i n t s  by t o t a l  t i m e  t a k e n  t o  complete 
journey,  i n c l u d i n g  any s topped t ime due t o  t r a f f i c  de- 
l a y s  1 . 
I n  a t y p i c a l  journey,  where s topp ing  d e l a y s  are 
i n c u r r e d ,  t h e n  t h e  journey speed must be s lower  t han  t h e  
running speed and s p o t  speeds  w i l l  v a ry  from zero  t o  
maximum, some being i n  exces s  of t h e  running speed.  High 
running speeds  w i th  low journey speeds  are u n d e s i r a b l e  and 
r e p r e s e n t  stop-go c o n d i t i o n s  w i t h  enforced  d e c e l e r a t i o n s  
and a c c e l e r a t i o n s .  Uniformity  between t h e  two speed measures 
denotes  comfortable  t r a v e l  c o n d i t i o n s .  Dr ive r s  e x p e c t  a 
h i g h e r  speed on a  motorway t h a n  on an urban a r t e r i a l ,  s o  when 
speed i s  used a s  a measure of e f f e c t i v e n e s s ,  speed c r i t e r i a  
must r ecogn i se  d r i v e r  e x p e c t a t i o n s ,  roadway f u n c t i o n  and ve- 
h i c l e  t ype  performance e s p e c i a l l y  on g r a d i e n t s .  
4.2.2 - Speed-flow v a r i a t i o n  by hour  o f  day 
A s  t h e  number of v e h i c l e s  occupying a roadway in -  
c r e a s e s  t h e r e  is  a n  a s s o c i a t e d  dec rease  i n  speed e s p e c i a l l y  
a t  f low rates approaching c a p a c i t y ,  under i d e a l  c o n d i t i o n s .  
Speed v a r i e s  acco rd ing  t o  t h e  t i m e  of day and day of t h e  week 
and i s  a f f e c t e d  by type  of f a c i l i t y  and v e h i c l e  t ype  percen- 
t a g e  i n  t h e  t o t a l  f l o w , e s p e c i a l l y  h e a v i e r  ones.  F igu re  
(4.2.2-1) i l l u s t r a t e s  v a r i a t i o n s  of speed w i t h  t i m e  of  day,  
a long  wi th  hour ly  volume v a r i a t i o n s ,  over  a 24-hour p e r i o d  
du r ing  weekdays i n  t h e  U.S .A.  F igu re  (4 .2 .2-2)  shows v a r i a -  
t i o n  p a t t e r n s  du r ing  weekend p e r i o d s .  From t h e  two f i g u r e s  
it i s  c l e a r  t h a t  speed v a r i e s  w i t h  t h e  volume of f low and 
shows a marked response  when t h e  volume exceeds  approximate ly  
1,600 vphpl. The speeds  i n  f i g u r e  (4.2.2-1) and (4.2.2-2) 
are v i r t u a l l y  t h e  same, d e s p i t e  s i g n i f i c a n t l y  lower volumes 
a t  weekends. Th i s  i s  a r e f l e c t i o n  of d r i v e r  popu la t ions  
and t r i p  purpose impacts .  Weekend d r i v e r s  may be less fami? 
l i a r  w i t h  t h e  f a c i l i t y ,  o r  i f  f a m i l i a r ,  do no t  d r i v e  w i th  t h e  
same sense  of  urgency devoted t o  t h e i r  d a i l y  commuting t o  
work. 
Recent d a t a  on speed t r e n d s  shows a more g r a d u a l  
i n c r e a s e  i n  t h e  c o u n t r i e s  where speed l i m i t s  a r e  i n  o p e r a t i o n .  
Data from t h e  U.K.(104) and U.S.A.(103) shows an  i n c r e a s e  of 
up t o  10  mph (16  km/h) and t h e  g e n e r a l  speed i n c r e a s e  l e v e l  
i s  h ighe r  on r u r a l  a r t e r i a l s  t h a n  on o t h e r  urban roads .  This  
Figure 4 .2 .2 -1  Speed v a r i a t i o n  by hour o f  day 
during week days .  
(Reproduced from re f erence  No.103) 
Figure 4 . 2 . 2 - 2  Speed v a r i a t i o n  by hour o f  day,  Saturdays. 
(Reproduced from re ference  No.103) 
r e f l e c t s  t h e  b e t t e r  d e s i g n  of bo th  highways and v e h i c l e s  
t h roughou t  t h e  l a s t  decade.  
4.2.3 - Speed-flow r e l a t i o n s h i p  f o r  m u l t i l a n e  highways 
A knowledge of t h e  r e l a t i o n s h i p s  between speed ,  
f low (vo lume) ,  and c a p a c i t y  i s  b a s i c  t o  t h e  unders tanding  of 
t h e  p l a c e  of  c a p a c i t y  i n  t h e  d e s i g n  of  highways and t h e i r  
o p e r a t i o n a l  c h a r a c t e r i s t i c s .  F igu re s  (4.2.3-2) and 
(4.2.3-3) g i v e  t h e  r e l a t i o n s h i p s  f o r  a s i n g l e  freeway o r  
expressway l a n e  and are used t o  show t h e s e  r e l a t i o n s h i p s  a t  
d i f f e r i n g  l e v e l  of services ( 1 0 3 ) .  
I f  a s i n g l e  v e h i c l e  t r a v e l s  a long  a t r a f f i c  l a n e ,  
t h e  d r i v e r  i s  f r e e  t o  proceed a t  t h e  d e s i g n  speed.  T h i s  
s i t u a t i o n  i s  r e p r e s e n t e d  a t  t h e  beginning of t h e  a p p r o p r i a t e  
curve a t  t h e  upper  l e f t  of f i g u r e  (4 .2 .3-2) .  But a s  t h e  
number of  v e h i c l e s  i n  t h e  l a n e  i n c r e a s e s ,  t h e  d r i v e r ' s  
freedom t o  select speed is  r e s t r i c t e d .  This  r e s t r i c t i o n  
b r i n g s  a p r o g r e s s i v e  r e d u c t i o n  i n  speed.  For example, many 
o b s e r v a t i o n s  have shown t h a t  f o r  a highway des igned  f o r  
70 mph (113 km/h), when f low r e a c h e s  1900 passenger  c a r s  p e r  
hour ,  t r a f f i c  is  slowed down t o  about  43 mph (69 km/h). I f  
f low i n c r e a s e s  f u r t h e r ,  t h e  r e l a t i v e l y  s t a b l e  normal f low 
c o n d i t i o n  u s u a l l y  found a t  lower volumes i s  s u b j e c t  t o  break- 
down. This  zone of i n s t a b i l i t y  i s  shown by t h e  shaded a r e a  
on t h e  r ight-hand s i d e  of f i g u r e  (4 .2 .3-1) .  One p o s s i b l e  
consequence i s  t h a t  t r a f f i c  w i l l  s t a b i l i z e  a t  about  2,000 ve- 
h i c l e s  p e r  hour a t  a speed of  30 t o  40 mph ( 4 8  t o  64 km/h), 
as shown by t h e  curved s o l i d  l i n e  on f i g u r e  (4 .2 .3-1) .  Of ten ,  
-- .- . . 
Capacity level 
of service 




I I . . I . I 
speed vlc ratio 
"ph -- 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 . 8 .  0.9 '1.0 
. . 






Average lane volume . (passenger . cardhr) 
. . 
Figure 4 .2 .3-1  Typical  r e l a t i o n s h i p s  between f low volumes per  
lane and average speed i n  one d i r e c t i o n  o f  t r a v e l  
under i d e a l  uninterrupted f l ow  cond i t i ons  on 
freeways and expressways.  
(Reproduced from re f erence  No.110) 
however, t h e  q u a l i t y  of f low d e t e r i o r a t e s  and a s u b s t a n t i a l  
d rop  i n  speed 0 c c u r s ; i . n  extreme cases v e h i c l e s  may come t o  
a f u l l  s t o p .  I n  t h i s  case t h e  volume of f low q u i c k l y  de- 
creases as  t r a f f i c  p roceeds  under a c o n d i t i o n  known as 
" forced  f low".  Volumes under f o r c e d  f low a r e  shown by t h e  
shaded curve a t  t h e  bottom of f i g u r e  (4 .2 .3-1) .  Reading 
from t h a t  curve ,  it can be seen  t h a t  i f  t h e  speed f a l l s  t o  
20 mph, t h e  r a t e  of f low w i l l  d rop  t o  1 ,700  v e h i c l e s  pe r  
hour ;  a t  1 0  mph t h e  f low rate i s  o n l y  1 ,000;  and of cou r se ,  
i f  v e h i c l e s  come t o  a complete s t o p ,  t h e  r a t e  of f low i s  zero .  
The r e s u l t  of  t h i s  r e d u c t i o n  i n  f low r a t e  is  t h a t  fo l lowing  
v e h i c l e s . m u s t  a l l  slow down o r  s t o p  and t h e  rate of  f low f a l l s  
t o  t h e  l e v e l s  shown. Even i n  t h o s e  cases where t h e  conges- 
t i o n  l as t s  for a few seconds,  a d d i t i o n a l  v e h i c l e s  are a f -  
f e c t e d  a f t e r  t h e  conges t ion  a t  t h e  o r i g i n a l  l o c a t i o n  had d i s -  
appeared.  A " shock wave" deve lops  which moves a long  t h e  
t r a f f i c  l a n e  i n  t h e  d i r e c t i o n  o p p o s i t e  t o  t h a t  of v e h i c l e  
t r a v e l .  Such waves have been observed s e v e r a l  m i l e s  from t h e  
scene of t h e  o r i g i n a l  p o i n t  of conges t ion .  
Congestion is  caused by t h e  f low demands of a r r i v a l s  
i n  a system r e q u i r i n g . a  s e r v i c e  which has  a r e s t r i c t i o n  on i t s  
a v a i l a b i l i t y ,  and by i r r e g u l a r i t i e s  i n  e i t h e r  t h e  demand o r  
s e r v i c e  o p e r a t i o n ,  o r  i n  both .  This  i s  a queueing system 
and t r a f f i c  can be de f ined  a s  queueing when a fo l lowing  d r i v e r  
must immediately r e a c t  t o  a speed r e u c t i o n  made by a preced ing  
v e h i c l e  ( 1 0 5 ) .  F igure  (4 .2 .3-2)  shows t h e  g e n e r a l  r e l a t i o n -  
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Figure  4.2.3.-2 ( a )  Diagrammatic speed,  c o n c e n t r a t i o n  and 
f low r e l a t i o n s h i p s .  
(b) Experimental  speed c o n c e n t r a t i o n  va lues .  
( c )  Concept of l e v e l s  of  s e r v i c e  a t  o p e r a t i n g  
speed and volume/capacity r a t i o .  
(Reproduced from r e f e r e n c e  No.109) 
s h i p s  between f low,  speed and c o n c e n t r a t i o n .  The r e l a t i o n -  
s h i p  between c o n c e n t r a t i o n  and speed as  shown i n  f i g u r e  
(4 -2 -3 -2 )was  determined i n  s i n g l e  l a n e  c o n d i t i o n s ,  mainly  
on a t e s t  t r a c k ,  by t h e  T ranspor t  and Road Research Labora tory  
The speed-volume r e l a t i o n s h i p s  f o r  m u l t i l a n e  high- 
ways may be summarized as f o l l o w s ;  
Beginning w i t h  t h e  a p p r o p r i a t e  des ign  speed curve  as 
shown i n  f i g u r e  ( 4 . 2 . 3 - l ) ,  p rog res s  from t h e  upper 
l e f t  t o  t h e  r i g h t  down t h e  s l o p e  of t h e  speed-volume 
curve.  A t  t h e  nose ,  t h e  f low may s t a b i l i z e ;  on t h e  
o t h e r  hand it may break  down. I n  t h i s  c a s e  speed- 
volume r e l a t i o n s h i p s  fo l low t h e  dashed curve downward 
t o  t h e  l e f t  t o  t h e  o r i g i n .  This  p rog res s ion  p a s s e s  
th rough  t h e  zones of  normal f low,  u n s t a b l e  f low where 
a c t u a l  behaviour  of  t r a f f i c  i s  h i g h l y  u n p r e d i c t a b l e ,  
and p o s s i b l y  i n t o  f o r c e d  f low where volume is  subs tan-  
t i a l l y  reduced.  
E f f e c t s  of t h e  impos i t i on  of speed l i m i t s  of 60, 
50 and 40 mph (97, 80 and 64 km/h) are sugges ted  by t h e  
d o t t e d  l i n e s  on f i g u r e  (4 .2 .3-1) .  
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F i g u r e  4 . 2 . 3 - 3  V a r i a t i o n  of speed/ f low r e l a t i o n  on s i n g l e  two l a n e  r u r a l  road .  
(Reproduced from r e f e r e n c e  ~ 0 . 1 1 3 )  
4.2 .4  - Speed-flow r e l a t i o n s h i p s  for two-lane hiqhways 
F igure  (4.2.4-1) shows speed-volume r e l a t i o n s h i p s  
f o r  two-lane, two-d i r ec t iona l  roadways ( 1 0 6 ) .  A t  low volumes 
where t h e r e  i s  l i t t l e  i n t e r f e r e n c e  from o t h e r  v e h i c l e s ,  
d r i v e r s  proceed a t  t h e i r  d e s i r e d  f ree- f low speeds .  But as  
volumes i n c r e a s e ,  i n t e r f e r e n c e  between v e h i c l e s  causes  speed 
t o  f a l l  a s  shown i n  f i g u r e  ( 4 . 2 . 4 - l ) ,  and as w i t h  a l a n e  on 
a  m u l t i l a n e  f a c i l i t y ,  i f  s e r i o u s  conges t ion  deve lops ,  speed 
f a l l s  s h a r p l y  and t h e  f o r c e d  f low c o n d i t i o n  deve lops  a s  shown 
by t h e  broken l i n e  a t  t h e  bottom of  t h e  graph.  
F igure  (4.2.4-1) shows t h a t  t h e  c a p a c i t y  f o r  a two- 
l a n e  highway t o t a l s  2000 v e h i c l e s ,  which i s  o n l y  h a l f  t h a t  
of two l a n e s  i n  t h e  s a m e  d i r e c t i o n .  This  can be exp la ined  
a s  a l l  t h e  f low i s  i n  one d i r e c t i o n  on a two-lane road and 
v e h i c l e s  can keep one l a n e  f i l l e d  by immediately p a s s i n g  i n t o  
t h e  gaps t h a t  form. Th i s  s i n g l e  l a n e  can t h e n  c a r r y  t h e  
same number of v e h i c l e s  a s  a l a n e  of a m u l t i l a n e  f a c i l i t y .  
However, when pas s ing  i s  r e s t r i c t e d  by v e h i c l e s  from t h e  
o p p o s i t e  d i r e c t i o n ,  t h e  spaces  between v e h i c l e s  cannot  be 
f i l l e d .  I n s t e a d ,  queues of v e h i c l e s  form i n  each  d i r e c t i o n  
behind slower-moving v e h i c l e s  u n t i l  t h e  spaces  between queues 
become long enough t o  permi t  pas s ing .  A f t e r  a pe r iod  du r ing  
which pas s ing  i s  p o s s i b l e ,  new queues form. A s  a l r e a d y  men- 
t i o n e d ,  t o t a l  c a p a c i t y  f o r  bo th  d i r e c t i o n s  i s  2,000 v e h i c l e s  
p e r  hour.  This  can be 2,000 v e h i c l e s  i n  one d i r e c t i o n  wi th  
Total volume, both directions (passenger cadhr) 
F i g u r e  4 .  2.4-1 T y p i c a l  r e l a t i o n s h i p s  between t o t a l  volume f o r  b o t h  
d i r e c t i o n s  o f  t r a v e l  and a v e r a g e  speed  under  i d e a l  
u n i n t e r r u p t e d  f l o w  c o n d i t i o n s  on  two-lane highways. 
(Reproduced from r e f e r e n c e  No.117) 
none from t h e  o t h e r ,  1 ,000  from each ,  o r  any o t h e r  combina- 
t i o n  adding t o  2,000 v e h i c l e s .  
With t h r e e - l a n e  r o a d s  t h e  c e n t r e  l a n e  i s  used f o r  
pas s ing  i n  e i t h e r  d i r e c t i o n .  Under i d e a l  c o n d i t i o n s ,  ve- 
h i c l e s  can complete ly  f i l l  bo th  i n s i d e  l a n e s  by p a s s i n g  i n  
t h e  c e n t r e  one.  Thus, c a p a c i t y  can r e a c h  a  t o t a l  of 4,000 
v e h i c l e s  f o r  bo th  d i r e c t i o n s .  I n  t h e  United S t a t e s ,  capa- 
c i t y  of t h r ee - l ane  roads  i s  o n l y  of concern f o r  e x i s t i n g  
highways s i n c e  new ones  a r e ' s e l d o m  b u i l t  because of poor a c c i -  
d e n t  exper ience .  
The ear l ies t  i n v e s t i g a t i o n s  of stream f low were con- 
cerned w i t h  speed-densi ty  r e l a t i o n s h i p .  Greensh ie lds  (107)  
i n  a n  e a r l y  i n v e s t i g a t i o n  of t r a f f i c  c h a r a c t e r i s t i c s ,  pro- 
posed a l i n e a r  r e l a t i o n s h i p  between speed and d e n s i t y  i n  h i s  
1934 s tudy  of c a p a c i t y ,  a  model which has  t h e  advantage of  
s i m p l i c i t y ,  and which p rov ides  a good f i t  t o  observed d a t a  
i n  many c a s e s .  
The mathemat ical  e x p r e s s i o n  of G r e e n s h i e l d ' s  model 
i s :  
where 
S = speed 
D = d e n s i t y ,  i n  vphpl 
Sf = f r ee - f low speed 
D = j a m  d e n s i t y ,  i n  vphpl.  j 
Some o b s e r v e r s  have sugges ted  a model based on a "one- 
dimensional" f l u i d  s t a t e  r e s u l t i n g  i n  t h e  fo l lowing  non- 
l i n e a r  r e l a t i o n s h i p  ( 1 0 3 ) ;  
S  = Sc c I n  ( D  j / ~ '  
where Sc e q u a l s  t h e  c r i t i ca l  speed ( a t  c a p a c i t y ) .  
This  model i s  u s e f u l  i n  d e s c r i b i n g  congested f low 
b u t  it breaks  down a t  low d e n s i t i e s ,  a s  t h e  t h e o r e t i c a l  speed 
a t  ze ro  d e n s i t y  approaches  i n f i n i t y .  
A e r d e  and Yagar ( 1 0 8 ) i n v e s t i g a t e d  t h e  e f f e c t s  of 
t r a f f i c  volume on speeds  of  two-lane r u r a l  highways us ing  a  
l a r g e  bank compiled i n  O n t a r i a ,  Canada i n  1980. These 
e f f e c t s  were examined f o r  t h e  e n t i r e  p r a c t i c a l  range of 
volumes us ing  two t y p e s  of l i n e a r  models. The f i r s t  con- 
s i d e r s  volumes of c a r s ,  t r u c k s ,  r e c r e a t i o n a l  v e h i c l e s  and 
o t h e r  v e h i c l e s  i n  t h e  d i r e c t i o n  be ing  ana lyzed ,  and t h e  t o t a l  
volume i n  t h e  opposing d i r e c t i o n .  The second model c o n s i d e r s  
on ly  aggrega ted  passenger  car u n i t s  i n  t h e  main d i r e c t i o n  and 
opposing d i r e c t i o n .  The l o t h ,  50th  and 90 th  p e r c e n t i l e  
speeds a r e  e s t i m a t e d  u s i n g  each  of t h e  above models, s o  t h a t  
t h e  u l t i m a t e  decision-maker can c a t e r  t o  any chosen sub- 
popu la t ion  o r  estimate t h e  f r a c t i o n  of d r i v e r s  t h a t  d r i v e  
a t  any given speed.  I t  w a s  found t h a t  speeds  are g e n e r a l l y  
q u i t e  i n s e n s i t i v e  t o  volumes f o r  a l a r g e  p r a c t i c a l  range  of 
volumes and t h e  p e r c e n t i l e  speed curves  t end  t o  converge as  
main d i r e c t i o n a l  volumes i n c r e a s e .  More r e c e n t  work aimed 
a t  p r e d i c t i n g  t h e  e f f e c t s  of volumes on v e h i c l e  speeds  has  
been conducted by 0 8 F l a h e r t y  and Coombe(109), t h e  T ranspor t  
and Road Research Labora tory  ( l l l ) , F o r s g a t e  and Hammond (112)  
and Duncan ( 1 1 3 ) .  
The Transpor t  and Road Research Labora tory  produced 
a set of speed/flow formulae  f o r  r u r a l  roads  based on 1968 
d a t a .  The average  two-lane highway w i t h  a l a n e  width  of 
3.65m, had a speed f o r  ze ro  t r a f f i c  volume of 66 km/h. Its 
speed r e d u c t i o n  c o e f f i c i e n t  w a s  1 0  km/h/1,000 v e h i c l e s  f o r  an  
average  composi t ion of 15% heavy v e h i c l e s .  This  r e s u l t s  i n  
a speed/volume curve of t h e  form: speed = 66 - 10  x v o l .  
Duncan (104)p roduced  l i n e a r  speed p r e d i c t i o n  models a s  a func- 
t i o n  of l i g h t  and heavy v e h i c l e s  i n  t h e  main and opposing 
d i r e c t i o n s .  A speed r e d u c t i o n  of  11 km/h was e s t i m a t e d  f o r  
a n  i n c r e a s e  i n  t r a f f i c  f low of 1 ,000 veh./h i n  t h e  main d i r e c -  
t i o n ,  assuming a composit ion of  15% heavy v e h i c l e s .  Duncan's 
i n v e s t i g a t i o n  (1974)  (104)  of  r u r a l  speed/flow r e l a t i o n s  were 
based on p rev ious  work c a r r i e d  o u t  by t h e  T ranspor t  and Road 
Research Laboratory and were pub l i shed  i n  t h e  L a b o r a t o r y ' s  
L e a f l e t  No. LF170, which w a s  t h e n  r ep l aced  by Duncan's s t u d y  
publ i shed  i n  t h e  T ranspor t  and Road Research Labora tory  No. 
LR651. The fo l lowing  speed formulae were used f o r  two-lane 
roads  w i th  an  average  car r iageway width  of 6.70m o r  1.83m 
s t a n d a r d  l a n e s ,  
and 
Equat ions  (1) and ( 2 )  were combined t o  g i v e  t h e  average  speed 
( w i t h  P p e r  c e n t  of heavy v e h i c l e s )  as;-  
Equation ( 3 )  t h e n  modif ied t o  t a k e  i n t o  account  f ree-speed  
c o n d i t i o n  and average  t r a f f i c  composi t ion;  
where 
v i s  average  f ree-speed  
0 
P propor t ion  of heavy v e h i c l e s  ( p e r  c e n t )  
H average h i l l i n e s s  (m/km) 
B average bendiness (degree/km) 
For low, average and high va lues  of P,  and of H 
and B t h e  above formula g ives  t h e  fol lowing va lues  of f r e e -  
speed : - 
Figure ( 4.2.3-3) shows t h e  v a r i a t i o n  i n  speed/flow r e l a t i o n -  
s h i p  a s  a  r e s u l t  of Duncan's i n v e s t i g a t i o n s .  
4.3 - Capacity s t u d i e s  
4.3-1 - I n t r o d u c t i o n  
For t h e  purpose of  t h e  s tudy ,  'highway c a p a c i t y '  
i s  as de f ined  i n  t h e  Highway Capac i ty  Manual 1985 ( 1 0 3 ) :  
' t h e  c a p a c i t y  of a  f a c i l i t y  i s  de f ined  a s  t h e  
maximum h o u r l y  r a t e  a t  which pe r sons  o r  ve- 
h i c l e s  can r ea sonab ly  be expec ted  t o  t r a v e r s e  
a p o i n t  o r  uniform s e c t i o n  of a l a n e  o r  road- 
way du r ing  a g iven  t i m e  pe r iod  under p r e v a i l i n g  
roadway, t r a f f i c  and c o n t r o l  c o n d i t i o n s ' .  
Capac i ty  i n  Great B r i t a i n  i s  d e f i n e d  i n  terms of 
s t anda rd  and maximum working l e v e l s  of hou r ly  f low,  recog- 
n i s i n g  t h e  d i f f e r e n c e s  i n  e x p e c t a t i o n s  of d r i v e r s  i n  r u r a l  
and urban s i t u a t i o n s .  D r i v e r s  e x p e c t  fewer o v e r t a k i n g  
o p p o r t u n i t i e s  and a s lower  r a t e  of p rog res s ion  f o r  s h o r t e r  
journey d i s t a n c e s  i n  urban areas and p r a c t i c a l  o p e r a t i n g  
c a p a c i t i e s  can t h u s  be h ighe r .  Design y e a r  demand f o r  
r u r a l  roads  i s  based on a  pr imary assessment  of  t h e  average  
d a i l y  f low (16  h o u r s ,  7  days  average  0600-2200 h o u r s )  i n  
t h e  month of h e a v i e s t  f low (normal ly  Augus t ) .  D e t a i l e d  
geometr ic  s t a n d a r d s  a r e  based on a p e a k . h o u r l y  f low ob ta ined  
from t h e  average  ove r  1 3  weeks of  a s p e c i f i e d  h i g h e s t  hour .  
The des ign  f lows  are set  down i n  t h e  Department of t h e  
Environment Technica l  Memorandum H6/74 and ~ 9 / 7 6  f o r  r u r a l  
all-purpose roads and motorways, and for urban roads res- 
pectively ( 118). 
4.3.2 - Two-lane c a p a c i t y  p r e d i c t i o n  
High-volume d a t a  on two-lane, two-way r u r a l  high- 
ways are complex and d i f f i c u l t  t o  o b t a i n .  Rare ly  do such 
highways o p e r a t e  a t  volumes approaching c a p a c i t y  and t h u s  
t h e  o b s e r v a t i o n  of  c a p a c i t y  o p e r a t i o n s  i n  t h e  f i e l d  i s  a 
complex one. 
Design f lows  f o r  bo th  urban and r u r a l  highways i n  
t h e  U.K.  are g iven  i n  t a b l e s  (4.3.2-1) and (4.3.2-2) (116) a s  
l a i d  down i n  Technica l  Memorandum H6/74 (118) .  It should be 
noted t h a t  f lows  are g iven  i n  v e h i c l e s  p e r  hour i n s t e a d  of 
PCU, b u t  t h e  v a r i a b l e  p r o p o r t i o n s  of heavy v e h i c l e s  a r e  
now t aken  i n t o  account .  A range  of f lows  is  g iven  f o r  d e s i g n  
purposes  and a l s o  f o r  a s s e s s i n g  the ' adequacy  o f  e x i s t i n g  roads .  
Memorandum H6/74 p o i n t s  o u t  t h a t  w i t h  i n c r e a s i n g  f lows  above 
t h e  s t a n d a r d  hour ly  d e s i g n  l e v e l s  t h e r e  w i l l  be a p r o g r e s s i v e  
dec rease  i n  v e h i c l e  speeds ,  d e c l i n e  i n  d r i v e r  comfort  and 
corresponding i n c r e a s e  i n  conges t ion  and o p e r a t i o n a l  c o s t s .  
E x i s t i n g  roads  can a l s o  be assessed f o r  t h e i r  r e s p e c t i v e  
l e v e l s  of  adequacy i n  r e l a t i o n  t o  t h e  t r a f f i c  be ing  c a r r i e d .  
Flow v a r i a t i o n s  a r e  determined from t h e  r a t i o  of peak hour 
f l ow/da i ly  f low (PDR) base.d on a 16h t i m e  pe r iod .  
Dual carr iageway r a t i o s  f o r  r u r a l  roads  are based 
on t h e  peak hour ly ,  one-way d i r e c t i o n a l  f low and t h e  h i g h e s t  
monthly average  d a i l y  f low,  wh i l e  s i n g l e  carr iageway peak 
a commensurate  w i t h  e x c e p t i o n a l l y  l o w  v a l u e s  o f  PDR o n l y  
b where .. c e n t r e s  o f .  i n t e r c h a n g e .  are- more t h a n  3km. a p a r t - . a d d  400vph 
c o n l y  f o r  g r a d e - s e p a r a t e d  schemes 
- 
Road t y p e  
R u r a l  motorways 
d u a l  2 - l a n e  
d u a l  3 - l ane  
d u a l  4 - l ane  
A l l - p u r p o s e  
d u a l  c a r r i a g e -  
way r o a d  
Dual  2 - l a n e  
Dual  3 - l a n e  
A l l - p u r p o s e  
s i n g l e - c a r r i a g e -  
way r o a d  
10m wide  b 
1 Om wide  
7.3m wide 
T a b l e  4 . 3 . 2 - 1  Des ign  f l o w s  f o r  motorways a n d  r u r a l  a l l -  
p u r p o s e  r o a d s  when heavy  v e h i c l e s  c o m p r i s e  
< 1 5  p e r  c e n t  o f  f l o w .  
( ~ e p r o d u c e d  f r o m  r e f e r e n c e  No.116) 
Peak  h o u r l y  f l o w  
v e h / h o u r / c a r r i a g e -  1 6 h  a v e r a g e  d a i l y  f l o w  
way ( b o t h  d i r e c t i o n s )  
Max. w i t h i n  
Max. norma l  PDR A b s o l u t e  
S t a n d a r d  w o r k i n g  Min. r a n g e  max. a 
2400 3200 35000 45700-48000 56000 
3600 4800 4500 68200-72000 85000 
4800 6400 70000 91400-96000 115000 
2400 3200 17000 33700-45000 45000 
3600 4800 35000 50500-60000 60000 
2600 3000 20000 23100-30000 30000 c 
1900  2300 12000 17700-23750 25000 
1200 1 6 0 0  2000 12300-15000 17000 
Table  4.3.2-2 Design f lows  f o r  urban r o a a s  when heavy v e h i c l e s  
comprise 2 1 5  p e r  c e n t  of f low. 
(Reproduced from r e f e r e n c e  No.116) 
Road type  
Urban motorways 
All-purpose r o a d s ,  
no f r o n t a g e  
a c c e s s ,  no 
s t a n d i n g  v e h i c l e s ,  
n e g l i g i b l e  c ros s -  
t r a f f i c  
Peak h o u r l y  f lows  Peak h o u r . 1 ~  f lows  
veh/hour/both veh /hour /car r iage-  
d i r e c t i o n s  way 
s i n g l e  2-lane d u a l  d u a l  
7.3m wide 2-lane 3-lane 
3600 5700 
4800 
h o u r l y  v a l u e s  are combined f o r  bo th  d i r e c t i o n s  of  t r a v e l  
( t a b l e  4.3.2-1).  
Lane c a p a c i t i e s  v a r y  a c c o r d i n g  t o  t h e  geome t r i c  
l a y o u t  and t r a f f i c  o p e r a t i n g  c o n d i t i o n s .  The h i g h e s t  c a t e -  
gory  t y p e s  of  urban motorway w i t h  g r ade  s e p a r a t i o n  and i n -  
f r e q u e n t  a c c e s s  have p r a c t i c a l  o p e r a t i n g  c a p a c i t i e s  o f  
1 ,500  pas senge r  car u n i t s  ( pculs) p e r  l a n e  p e r  hour .  A l l  
purpose  r o u t e s  w i t h o u t  f r o n t a g e  a c c e s s  and w i t h  f u l l  no- 
w a i t i n g  c o n t r o l s  have c a p a c i t i e s  o f  abou t  1 ,200  PCU p e r  
l a n e  p e r  hour ,  b u t  t h i s  d rops  t o  800 PCU p e r  l a n e  p e r  hour  
w i t h  i n c r e a s i n g  f r equency  of  major  j u n c t i o n s .  On o t h e r  
r o u t e s  t h e  c a p a c i t y  i s  more o f t e n  r e s t r i c t e d  t o  t h a t  of  t h e  
" b o t t l e n e c k w  j u n c t i o n s .  
The l a tes t  Highway Capac i t y  Manual ( S p e c i a l  Repor t  
No. 209, 1985)  g i v e s  a sample of  observed  h i g h  volume on  two- 
l a n e  r u r a l  highway ( t a b l e  4.3.2-3) and t h e  manual emphasized 
t h a t  t h e  v a l u e s  g iven  i n  t a b l e  (4 .3 .2-3)  a r e  n o t  t o  be t a k e n  
t o  r e p r e s e n t  a b s o l u t e  c a p a c i t y  f o r  t h e  s p e c i f i e d  f a c i l i t y .  
The v a l u e s  g i v e n  are f o r  good o p e r a t i n g  c o n d i t i o n s .  
European o b s e r v a t i o n s  on two-lane,  two-way r u r a l  
highways have been r e p o r t e d  a t  f a r  h i g h e r  volumes t h a n  t h o s e  
g iven  by Highway Capac i t y  Manual ( t a b l e  4.3.2-3).  Volumes 





PEAT D l L  
VOLUME 
( W H )  
O F F - P e a  DIR. 
VOLUME 
(VPH) 
U.S. SO, Lake Tahhot, Wornia  
U.S. n, F-OO~, ~cbtuk. 
Hwy. 1. Banff, Alkru. CMd. 
Hw. I. B.nR, Albau. Canada 
Hwy. 35. Kirby, Ontuio, CnnrA. 
Hwy. 35/115. Kirby, Onurio. Canada 
Glif. 84, Fmnont. California 
Tmu-Cmda Hwy., Alberta, C a o h  
Wrutch Blvd, %It b k e  City, Utah 
Table 4.3.2-3 Maximum Observed Hourly Volumes on Two-Lane Rura l  
Highways. 
(Reproduced from r e f e r e n c e  No.103) 
vph i n  France,  3,000 vph i n  Japan and 2,450 vph i n  Norway 
( 1 1 4 ) .  Some of t h e s e  volumes have conta. ined s i g n i f i c a n t  
numbers of heavy goods v e h i c l e s ,  some as  h igh  as  30 p e r  c e n t  
of t h e  t r a f f i c  stream. 
The d i f f i c u l t y  exper ienced  i n  t h e  United S t a t e s  i n  
observ ing  c a p a c i t y  o p e r a t i o n s  on two-lane highways was t h e  
problem i n  terms of s u g g e s t i n g  a  s t a n d a r d  va lue  f o r  use  i n  
computat ional  p rocedures .  The procedures  f o r  such highways 
a r e  based on a combination of f i e l d  o b s e r v a t i o n  and simula- 
t i o n ,  which sugges t  t h a t  a  maximum c a p a c i t y  of 2,800 pcu/h 
be adopted as  a t o t a l  i n  bo th  d i r e c t i o n s  under i d e a l  con- 
d i t i o n s .  These i d e a l  c o n d i t i o n s  i n c l u d e  a 50/50 d i r e c t i o n a l  
d i s t r i b u t i o n  of t r a f f i c .  
4 . 4  - Level of services concept 
A s  d i s c u s s e d  i n  p rev ious  s e c t i o n s  of t h i s  c h a p t e r ,  
o p e r a t i n g  speed d e c r e a s e s  and d r i v e r  r e s t r i c t i o n s  become 
g r e a t e r  as  t r a f f i c  volume i n c r e a s e s .  The concept  of l e v e l  
of s e r v i c e  has  r ep l aced  ( p r a c t i c a l )  c a p a c i t y .  Level  of  
s e r v i c e  is  a s s o c i a t e d  w i t h  t h e  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  
which occur  on a f a c i l i t y  when it accommodates v a r i o u s  t r a f -  
f i c  volumes. I t  i s  a q u a l i t a t i v e  measure of t h e  e f f e c t  o f  
a number of f a c t o r s ,  which i n c l u d e :  
i )  Speed and t r a v e l  t i m e  
-ii) T r a f f i c  i n t e r r u p t i o n s  
iii) Freedom t o  manoeuvre 
i v )  Dr iver  comfort  and convenience 
v )  S a f e t y  
v i )  Vehic le -opera t ing  c o s t s  
The concept  of l e v e l  of s e r v i c e  i s  c a r r i e d  o u t  
throughout  t h e  Highway Capac i ty  Manual (1965 and 1985)  and 
it i s  a p p l i e d  t o  a l l  highway elements .  S i x  l e v e l s  of  
s e r v i c e  have been e s t a b l i s h e d ,  des igna t ed  by t h e  l e t t e r s  A 
through F, prov id ing  f o r  t h e  b e s t  t o  wors t  s e r v i c e  i n  t e r m s  
of d r i v e r  s a t i s f a c t i o n .  For a g iven  highway f a c i l i t y ,  d i f -  
f e r e n t  l e v e l s  of s e r v i c e  w i l l  be s e l e c t e d  t o  p rov ide  f o r  
e p p r o p r i a t e  o p e r a t i n g  c h a r a c t e r i s t i c s  on t h e  v a r i o u s  com- 
ponents  of t h e  f a c i l i t y .  However, t h e s e  o p e r a t i n g  c o n d i t i o n s  
should be i n  harmony w i t h  each  o t h e r ;  t h a t  i s ,  they  should  
be of approximately  e q u a l  a c c e p t a b i l i t y  t o  average  d r i v e r s .  
D i f f e r e n t  highway e lements  and t y p e s  of f a c i l i t i e s  i n c l u d e :  
i n t e r s e c t i o n ,  ramp, weaving s e c t i o n ,  ramp t e r m i n a l ,  speed- 
change l a n e ,  freeway, uncon t ro l l ed -acces s  m u l t i l a n e  highway, 
two-lane o r  t h r ee - l ane  highways, a r t e r i a l  s treet ,  etc.  
There i s  a n  impor tan t  d i s t i n c t i o n  between c a p a c i t y  and l e v e l  
of s e r v i c e .  A g iven  l a n e  o r  roadway may provide  a wide range  
of l e v e l  of s e r v i c e  (depending e s s e n t i a l l y  on speed and 
volume),  b u t  t h e  l a n e  o r  roadway has  o n l y  one c a p a c i t y .  I n  
p r a c t i c e ,  any g iven  highway, o r  component, may o p e r a t e  a t  a 
wide range of l e v e l s  of s e r v i c e ,  depending upon t h e  t i m e  of  
day,  day of week, pe r iod  of  t h e  y e a r  and t r a f f i c  composi t ion.  
S e r v i c e  volume i s  t h e  maximum number of v e h i c l e s  
t h a t  can p a s s  ove r  a g iven  s e c t i o n  of a l a n e  o r  roadway, i n  
one d i r e c t i o n  on m u l t i l a n e  highways ( o r  i n  both  d i r e c t i o n s  
on a two o r  t h ree - l ane  highway1,during a s p e c i f i e d  t i m e  
pe r iod ,  whi le  o p e r a t i n g  c o n d i t i o n s  a r e  main ta ined  c o r r e s -  
ponding t o  t h e  s e l e c t e d  o r  s p e c i f i e d  l e v e l  of s e r v i c e .  
Freeway o p e r a t i n g  c h a r a c t e r i s t i c s  i n c l u d e  a wide 
range of r a t e s  of f low ove r  which speed i s  r e l a t i v e l y  con- 
s t a n t  ( 1 0 3 ) .  This  means t h a t  speed a l o n e  i s  no t  adequa te  
a s  a performance measure by which t o  d e f i n e  l e v e l s  of ser- 
v i c e .  Although speed i s  a major concern of d r i v e r s  w i t h  
r e s p e c t  t o  s e r v i c e  q u a l i t y ,  freedom t o  manoeuvre and proxi -  
mi ty  t o  o t h e r  v e h i c l e s  are e q u a l l y  impor tan t  parameters .  
These o t h e r  q u a l i t i e s  are d i r e c t l y  r e l a t e d  t o  d e n s i t y  of  t h e  
freeway t r a f f i c  stream. F u r t h e r ,  rate  and f low i n c r e a s e s  
w i th  i n c r e a s i n g  d e n s i t y  th roughout  t h e  f u l l  range  of s t a b l e  
f lows.  For t h e s e  r ea sons ,  d e n s i t y  i s  t h e  parameter  used t o  
d e f i n e  l e v e l s  of s e r v i c e  f o r  b a s i c  freeway segments. The 
d e n s i t i e s  used by t h e  new Highway Capac i ty  Manual ( S p e c i a l  
Report  209) t o  d e f i n e  t h e  v a r i o u s  l e v e l s  of s e r v i c e  (LOS) are 
a s  fo l lows :  
Level  of 
S e r v i c e  
Dens i ty  
(pc /mi / ln )  
These va lues  are boundary c o n d i t i o n s  r e p r e s e n t i n g  
t h e  maximum a l lowab le  d e n s i t i e s  f o r  t h e  a s s o c i a t e d  l e v e l  of 
s e r v i c e .  The LOS-E boundary of 67 pc/mi/ln (67 passenger  
c a r / m i l e / l a n e ) ,  ha s  been g e n e r a l l y  found t o  be. t h e  c r i t i c a l  
d e n s i t y  a t  which c a p a c i t y  most o f t e n  occu r s .  Level-of- 
s e r v i c e  c r i t e r i a  f o r  b a s i c  freeway segments are g iven  i n  
t a b l e  ( 4 . 4 .  -1) f o r  70 mph (113 km/h), 60 mph (97  km/h) and 
5 0  mph ( 8 0  km/h) d e s i g n  speed e lements .  To be w i t h i n  a 
T a b l e  4.4-1 L e v e l s  o f  S e r v i c e  f o r  B a s i c  F r e e w a y  S e c t i o n s  
( R e p r o d u c e d  from r e f e r e n c e  No.103) 
a .  A v e r a g e  t r a v e l  s p e e d .  
L e v e l  
o f  







b. Maximum service f l o w  rate  p e r  l a n e  u n d e r  i dea l  c o n d i t i o n s .  
c. H i g h l y  v a r i a b l e ,  u n s t a b l e .  
D e n s i t y  
( PC/MI/LN 
< 1 2  
- 






< 6 7  
- 
> 67 
d .  One PCPMPL = 0 .625  PCPKPL. 
Note: A l l  v a l u e s  o f  MSF r o u n d e d  t o  t h e  n e a r e s t  5 0  p c p h .  
7 0  MPH (113KPH) 
D e s i g n  S p e e d  
s p e e d a  
( M P H )  
6 0  MPH (97KPH) 
D e s i g n  S p e e d  
> 60 0 . 3 5  7 0 0  
-
- > 57 0 .54 1 , 1 0 0  
- > 54 0 .77 1 , 5 5 0  
- > 46 0 .93  1 , 8 5 0  
- > 3 0  1 . 0 0  2 , 0 0 0  
< 3 0  C C 
V/C 
speeda 
( M P H )  
5 0  MPH (80KPH) 
D e s i g n  S p e e d  
MSF 
(PCPHPL) 
s p e e d a  
( M P H )  
- - - 
- > 5 0  0.49 1 , 0 0 0  
- > 47 0.69 1 , 4 0 0  
- > 42 0 .84 1 , 7 0 0  
- > 3 0  1 . 0 0  2 , 0 0 0  




- - - 
- - - 
- > 43 0.67 1 , 3 0 0  
- > 40 0 .83  1 , 6 0 0  
- > 2 8  1 . 0 0  1 , 9 0 0  
< 28 C C 
V/C 
M S F ~  
(PCPHPL) 
given  l e v e l  of s e r v i c e ,  t h e  d e n s i t y  c r i te r ia  must be m e t .  
The average  t r a v e l  speeds  and t h e  maximum s e r v i c e  f low 
rates i n d i c a t e d  i n  t h e  t a b l e  are under i d e a l  c o n d i t i o n s  
f o r  t h e  g iven  d e n s i t i e s .  
F igure  ( 4 . 4 - l ) ,  shows t h e  r e l a t i o n s h i p  between 
f low d e n s i t i e s ,  speed and d i f f e r e n t  l e v e l s  of s e r v i c e .  
F igure  ( 4 . 4 - l ) ,  shows i n  two d i f f e r e n t  forms,  t h e  r e l a t i o n -  
s h i p s  of some of t h e  be t t e r -unde r s tood  measures of q u a l i t y  
of f low t o  t h e  volume/capacity r a t i o  and t o  t h e  v a r i o u s  
l e v e l s  of s e r v i c e  f o r  u n i n t e r r u p t e d  f low c o n d i t i o n s  ( f i g u r e  
4 . 4 - l ( a ) ) .  A s  shown i n  f i g u r e  ( 4 . 4 - l ( b ) ) ,  when o p e r a t i n g  
speed i s  i n  t h e  h i g h e s t  range ,  d e n s i t y  i s  a t  i t s  lowes t  
va lue .  
Jam M t y  
Figure  4 . 4 - 1  ( a )  R t l a t i o n s h i p  of l e v e l s  of  s e r v i c e  t o .  some 
measures of q u a l i t y  under u n i n t e r r u p t e d  
f low c o n d i t i o n s  ( b a s i c  fo rm) .  
(b) R e l a t i o n s h i p  of l e v e l  of s e r v i c e  t o  some 
measures of q u a l i t y  of f low under i d e a l  
u n i n t e r r u p t e d  f low c o n d i t i o n s  (approximate  
form, based on f a m i l i a r  speed-volume c u r v e ) .  
(Reproduced from r e f e r e n c e  No.117) 
4 . 5  - Theory and study approach 
4.5.1 - Introduction 
Thi s  p a r t  of t h e  s t u d y  w i l l  i n v e s t i g a t e  t h e  s i g n i -  
f i c a n t  e f f e c t s  of v a r i o u s  v e h i c l e  t y p e s  on r u r a l  highway 
t r a f f i c  f low,  on two and t h r e e - l a n e  motorways. The i n v e s t i -  
g a t i o n  f a l l s  i n t o  f o u r  s e c t i o n s :  
( a )  t h e  s t u d y  of v e h i c l e  t ype  speed c h a r a c t e r i s t i c s ,  
which are t h e  cr i ter ia  used l a te r  i n  t h e  i n v e s t i -  
g a t i o n  of v e h i c l e  t y p e  e f f e c t s  on o t h e r  highway 
t r a f f i c  parameters ;  
(b) t h e  s t u d y  of t r a f f i c  composi t ion and v e h i c l e  t y p e  
d i s t r i b u t i o n  p e r  l a n e  of t r a v e l ;  
( c )  i n t r o d u c i n g  a procedure  f o r  computing passenger  
c a r  u n i t  e q u i v a l e n c i e s  f o r  two-lane motorways; 
( d )  t h e  s t u d y  of v e h i c l e  t ype  e f f e c t  on o v e r t a k i n g  
procedures ,  speed/flow r e l a t i o n s h i p s  and c a p a c i t y .  
4.5.2 - Vehicle type speed s tudies  
I n  t h i s  s t u d y ,  v e h i c l e  t ype  speed c r i t e r i a  have 
been i n v e s t i g a t e d ,  u s ing  i n d i v i d u a l  v e h i c l e  t ype  p e r f o r -  
mances and t h e i r  v a r i o u s  e f f e c t s  on t r a f f i c  f low performance 
on two-lane and t h r e e - l a n e  motorways. 
Most of t h e  speed measurements made by highway 
t r a f f i c  e n g i n e e r s  produce a t i m e  mean speed because t h e y  are 
o b t a i n e d  by t h e  use  of r a d a r  speedometers o r  f i l m i n g  t ech -  
n iques .  I n  t h e  l a t t e r ,  however, t h e  mean t r a v e l  t i m e  
( ave rage  running  speed )  i s  used t o  c a l c u l a t e  t h e  mean speed: 
t h e n  t h e  space  mean speed i s  ob ta ined .  
Both r a d a r  speedometer and f i l m i n g  t echn iques  were 
used i n  t h i s  s t u d y  t o  o b t a i n  speed d i s t r i b u t i o n  of i n d i v i d u a l  
v e h i c l e  t ype  and d i s t r i b u t i o n  of speeds  p e r  l a n e  of t h e  sec- 
t i o n  of t h e  motorway under i n v e s t i g a t i o n .  
4.5.3 - Procedure  f o r  computing passenger  car u n i t  
e q u i v a l e n c i e s  
( A )  Overtakinq method 
Passenger  c a r  u n i t  e q u i v a l e n c i e s  (PCE's)  o r  ad- 
justment f a c t o r s  f o r  commercial v e h i c l e s ,  buses  and re- 
c r e a t i o n a l  v e h i c l e s  a r e  o f t e n  r e q u i r e d  i n  c a r r y i n g  o u t  high- 
way c a p a c i t y  c a l c u l a t i o n s .  
A passenger  car e q u i v a l e n t  ( P C E ) ,  i n  highway 
c a p a c i t y  a n a l y s i s ,  i s  t h e  number of  passenger  cars which i s  
roughly t h e  e q u i v a l e n t  of  one commercial v e h i c l e ,  bus,  o r  
r e c r e a t i o n a l  v e h i c l e  under p r e v a i l i n g  roadway and t r a f f i c  
c o n d i t i o n s .  The use  of  such e q u i v a l e n t s  i s  c e n t r a l  t o  high- 
way c a p a c i t y  a n a l y s i s  where mixed t r a f f i c  streams are p r e s e n t  
and t h e  c a l i b r a t i o n  of t h e s e  v a l u e s  can have a d r a m a t i c  i m -  
p a c t  on c a p a c i t y  a n a l y s i s  computat ions .  
The Highway Capac i ty  Manual ( 1 0 3 ) , d i s c u s s e s  t h e  
i s s u e  of  passenger  c a r  e q u i v a l e n c i e s  f o r  two-lane and mul t i -  
l a n e  highways and s u g g e s t s  t h a t  t h e y  can be determined 
d i r e c t l y  by o b t a i n i n g  d e t a i l e d  in fo rma t ion  on t h e  speeds  and 
headways of d i f f e r e n t  t y p e s  of v e h i c l e s  involved d u r i n g  
v a r i o u s  r a t e s  of  f low on highways. An average  passenger  
c a r  e q u i v a l e n t  i s  ob ta ined  f o r  each v e h i c l e  t ype  under each  
cond i t i on .  Passenger  c a r  e q u i v a l e n t s  can be c a l c u l a t e d  
wi th  a  h igh  degree  of accuracy  from s e p a r a t e  speed d i s t r i -  
b u t i o n s  of  passenger  c a r s  and commercial v e h i c l e s  a t  any 
given volume l e v e l .  
The c r i t e r i o n  used by t h e  Highway Capac i ty  ~ a n u a l *  
i s  t h e  r e l a t i v e  number of p a s s i n g s  t h a t  would be performed 
f o r  a u n i t  l e n g t h  of highway (one  k i l o m e t e r )  f o r  u n i n t e r -  
rup ted  f low i f  each  ( t h e  pas s ing  one and t h e  ove r t aken  o n e )  
cont inued  a t  i t s  normal speed f o r  t h e  c o n d i t i o n s  under con- 
s i d e r a t i o n .  
T h e o r e t i c a l  o r  d e s i r e d  p a s s i n g  may be d e f i n e d  as  
t h e  pas s ing  by a f a s t e r  v e h i c l e  of a  s lower  v e h i c l e ,  when 
each  v e h i c l e  c o n t i n u e s  a t  i t s  normal speed.  The t h e o r e t i c a l  
number of p a s s i n g s  f o r  passenger  car f low may be o b t a i n e d  
f i r s t  by a s e p a r a t i o n  of t h e  t o t a l  t r a f f i c  volume i n t o  pass ing  
and passed v e h i c l e s ,  and t h e n  a summation of  t h e  t o t a l  number 
of o v e r t a k i n g s  by f a s t e r  v e h i c l e s  of s lower  v e h i c l e s  can be 
expressed  by: 
where P = t h e  t o t a l  number of t h e o r e t i c a l  passenger  c a r s  
P  
pas s ing  w i t h i n  one k i l o m e t r e ,  du r ing  a g iven  pe r iod ;  U i t  
U = o v e r a l l  t r a v e l  speed of s lower  and f a s t e r  v e h i c l e s ,  re- j 
s p e c t i v e l y :  Cir C = number of  v e h i c l e s  having r e s p e c t i v e  j 
speed,  U .  o r  U f o r  g iven  p e r i o d ;  i t  j = r e s p e c t i v e  i ndex  
1 j 
of passed and pas s ing  v e h i c l e s ;  m = one -d i r ec t ion  pass ing-  
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car volume f o r  a g iven  pe r iod .  
The c r i t e r i a  of  t h e  number of p a s s i n g s  o r  number 
of ove r t ak ings  t h a t  would be performed p e r  k i l o m e t r e  of  
highway forms t h e  b a s i s  of  passenger  c a r  e q u i v a l e n t  measure- 
ment i n  t h i s  chap te r .  
A v e h i c l e  t ype  f a c t o r  ( V t )  i s  conven t iona l ly  used 
t o  a d j u s t  t h e  f low of mixed v e h i c l e s  a t  a rate of Q veh ic l e s /h  
t o  t h e  e q u i v a l e n t  f low r a t e  of passenger  c a r s  o n l y  ( Q  1.  
E 
The f low-ra te  p e r  hour ( Q )  may c o n s i s t  of  a mix ture  
of passenger  c a r s ,  heavy v e h i c l e s ,  buses  and coaches .  Q i s  
e q u i v a l e n t  t o  a QE of 100 p e r  c e n t  passenger  cars where t h e  
mean speed of  passenger  cars has  been chosen as  t h e  measure 
f o r  equ iva lence  va lues .  
I f  mean speed of  passenger  cars i s  t h e  measure f o r  
equ iva lence ,  knowing and us ing  t h e s e  mean speeds  i s  neces sa ry  
f o r  t r a f f i c  f lows  wi th  100 p e r  c e n t  passenger  cars. 
Consider a s e c t i o n  of a r t e r i a l  two-lane. one-way 
highway and assume t h a t  a s t ream of slower-moving v e h i c l e s  
( Q ~ ) ;  w i t h  speed (Sl)rn i s  over taken  by a f a s t e r  t r a v e l l i n g  
v e h i c l e  wi th  speed ( S 2 )  i n  f low ( Q 2 ) .  HOW many a c t s  of  
ove r t ak ing  w i l l  t a k e  p l a c e  p e r  one k i lome te r  t r a v e l l e d  by 
t h e  fas ter-moving v e h i c l e ,  see f i g u r e  (4 .5 .3 - l ) ?  
From a fundamental  l a w  of t r a f f i c ;  
Flow = Speed x Dens i ty  
f o r  s lower  moving s t ream 
1 - = -  'I  spac ing  of  v e h i c l e s  
Ql 
r e l a t i v e  speed of  t h e  f a s t e r  v e h i c l e  = ( S  2 -S1 1 .  
where S2 = speed of t h e  fas ter-moving v e h i c l e .  
interval 
Average t i m e - t o  ove r t ake  a  slow moving v e h i c l e  





r e l a t i v e  speed Q1 ( s2-s1 ) (4.5.3-1) 
t i m e  t aken  f o r  f a s t e r  v e h i c l e  t o  t r a v e l  one k i lome te r  
Number of  o v e r t a k i n g s  p e r  one k i lome te r  t r a v e l l e d  by f a s t e r  
v e h i c l e  = ( 2 ) / ( 1 )  
flow Ql 
f low Q2 
Slower moving 
stream 
F a s t e r  moving 
stream 
Figure4.5.3-1 Overtaking procedure between f a s t e r  v e h i c l e s  
i n  stream flow Q2 and slower v e h i c l e s  i n  
stream flow Ql. 
For a  f low Q2 of fas te r -moving  v e h i c l e s ,  t o t a l  number of 
o v e r t a k i n g s  ; 
where N = t h e  sum o f  o v e r t a k i n g s  
Qi ,  Q j  = number of  s lower  and f a s t e r  v e h i c l e s  
r e s p e c t i v e l y  
S i t  S = speed  of  s lower  and f a s t e r  v e h i c l e s  j 
r e s p e c t i v e l y ,  w i t h i n  one k i l o m e t e r  of 
t h e  highway. 
n  = no. of  c l a s s e s  of  s lower  moving v e h i c l e s  
m = no.of c l a s s e s  of f a s t e r  moving v e h i c l e s  
Equat ion  ( 4 . 5 . 3 - 4 )  p e r m i t s  computa t ions  f o r  any 
p a r t i c u l a r  d i s t r i b u t i o n  f o r  any s lower  v e h i c l e  t o  a r r i v e  
a t  a  PCE. 
The c a l c u l a t i o n  of  passenger  c a r  u n i t  e q u i v a l e -  
n c i e s  of  f a s t e r -moving  v e h i c l e s  (100  p e r  c e n t  passenger  
c a r s )  i s  g i v e n  by;  
PCE = N/commercial/h .... ( 4 . 5 . 3 - 5 )  N/100 passenger  c a r s / h  
The PCE v a l u  f o r  commercial v e h i c l e s  o b t a i n e d  
from t h e  above e q u a t i o n    NO.^), i s  t h e  p a s s e n g e r  c a r  equ iv -  
a l e n t  of  a  commercial v e h i c l e  t r a v e l l i n g  a t  a  c e r t a i n  speed 
class. 
BY us ing  e q u a t i o n s  (4.5.3-4) and (4.5.3-5), 
passenger  c a r  e q u i v a l e n t  v a l u e s  can be ob ta ined  u s i n g  speed 
d i s t r i b u t i o n s  f o r  v a r i o u s  l e v e l s  of s e r v i c e  and PCE v a l u e s  
v e r s u s  speed curve  can be produced. 
The PCE v a l u e s  f o r  d i f f e r e n t  l e v e l s  of  s e r v i c e  
can be d e r i v e d  i f  t h e  o v e r a l l  t r a v e l  speed d i s t r i b u t i o n  of  
passenger  cars i s  known f o r  each  l e v e l  of s e r v i c e .  For up- 
g rade  o r  downgrade, t h e  c a l c u l a t i o n  i s  based on t h e  l e n g t h  
and s t e e p n e s s  of t h e  g rade .  
(B) Headway method 
The headway method i s  a n o t h e r  approach t o  passenger-  
car e q u i v a l e n t  d e t e r m i n a t i o n  and i s  b e s t  s u i t e d  t o  de te rmine  
commercial v e h i c l e  e q u i v a l e n c i e s  on l e v e l  highways (103). The 
method i s  based on t h e  concept  t h a t  a heavy commercial ve- 
h i c l e  occupies  more space  t h a n  a s i n g l e  passenger  c a r  and 
t r a v e l s  a t  a lower speed and t h e r e f o r e  reduces  c a p a c i t y .  
The procedure  i nvo lves  t h e  measurement of t h e  i n t e r v a l  (head- 
way) between v e h i c l e s  and t h e i r  speed.  This  procedure  does  
n o t  c o n s i d e r  pas s ing  ( o v e r t a k i n g )  a s  does  t h e  p rev ious  method. 
The b a s i c  equa t ion  f o r  t h e  headway method i s  as fo l lows:  
where E = PCE f o r  heavy v e h i c l e  
h = average headway.for a sample of c a r s  and 
heavy v e h i c l e s  -. 
p = average headway f o r  a l l  passenger c a r  
sample 
c  = propor t ion  of c a r s  
t = propor t ion  of heavy veh ic les .  
4.5.4 - An analys is  of vehic le  type effect on hiqhway 
t ra f f ic  pa rame te r s  
veh ic l e - type  p r o p e r t i e s ,  which i n c l u d e  power-to- 
weight r a t i o s  ( a c c e l e r a t i o n  c a p a b i l i t i e s ) ,  o v e r a l l  l e n g t h s ,  
d r ive r - eye  h e i g h t s  and b rak ing  c a p a b i l i t i e s  are t h e  most i m -  
p o r t a n t  f a c t o r s  i n  measur ing veh ic le - type  performance,espe-  
c i a l l y  of  heavy commerci-a1 v e h i c l e s , a n d  t h e i r  i n f l u e n c e s  on  
highway t r a f f i c  parameters .  The i n f l u e n c e s  of heavy commer- 
c i a l  v e h i c l e s  i n c l u d i n g  speeds ,  s i g h t  d i s t a n c e s ,  p a s s i n g  
s i g h t  d i s t a n c e s ,  s t o p p i n g  s i g h t - d i s t a n c e s  f o r  crest v e r t i c a l  
cu rves ,  lane-changing and over - tak ing  procedure  have a n  i m -  
p o r t a n t  e f f e c t  on highway c a p a c i t y .  
This  s t u d y  i s - a n  a t t e m p t  t o  i n v e s t i g a t e  v e h i c l e  
t ype  e f f e c t  on highway c a p a c i t y  by i n v e s t i g a t i n g  v e h i c l e  t ype  
speeds  and o v e r t a k i n g  procedures ,  and speed/f low/vehicle  t ype  
r e l a t i o n s h i p s  f o r  two-lane t r a f f i c  flow. 
.. . 
Vehic les  a r e  ana lysed  acco rd ing  t o  l a n e  l o c a t i o n ,  
t ype  and t i m e  pe r iod :  land t h e  s a t u r a t e d  i n t e r v a l s  a r e  con- 
s i d e r e d  f o r  t h e  a n a l y s e s .  Speed v a l u e s  f o r  d i f f e r e n t  t y p e s  
of v e h i c l e s  are ana lysed  by grouping t h e  r e s u l t s  t o  r e p r e s e n t  
va lues  f o r  each type  of v e h i c l e  u s ing  5 km/h as t h e  c l a s s  
l i m i t .  Normal d i s t r i b u t i o n  i s  used f o r  t h e  a n a l y s i s  and t o  
tes t  t h e  goodness of f i t  a ch i - square  tes t  was conducted f o r  
each set of  d a t a .  
4.6 - S i t e  s e l e c t i o n  and d e s c r i p t i o n  
I t  was:not a n  e a s y  t a s k  t o  l o c a t e  a s t r e t c h  of  
a r t e r i a l  road wi th  d u a l  carr iageway t h a t  w a s  s u i t a b l e  t o  
f i l m  t h e  movement of t r a f f i c .  Th i s  i s  because t h e  camera 
had t o  be p o s i t i o n e d  s o  t h a t  it would cover  a r ea sonab le  
s e c t i o n  of t h e  road (0 .6  km approximate ly)  f o r  f i l m i n g  pur-  
poses.  . . 
. "  
A s u i t a b l e  s e c t i o n  w a s  l o c a t e d  on a s t r e t c h  of  t h e  
M621 Motorway. It w a s  found p o s s i b l e  t o  conduct  t h e  f i l -  
ming p roces s  u s ing  a c o l o u r  v ideo  camera (equipment des-  
c r i b e d  i n  Appendix A ) ,  by mounting t h e  camera on  one of  t h e  
b r i d g e s  on t h e  motorway. The b r idge  forms p a r t  of  a p r i v a t e  
road connec t ing  some i n d u s t r i a l  e s t a b l i s h m e n t s  which a r e  on 
t h e  o p p o s i t e  side of  t h e  motorway to t h e  town of Morley, see 
f i g u r e s  (4.6-1) and (4 .6-2) .  
This  s e c t i o n  of t h e  motorway pas ses  through a ve ry  
busy i n d u s t r i a l  and commercial a r e a  of Leeds and j o i n s  t h e  
M62 Motorway a t  j unc t ion  No. 27 .  
The s e c t i o n  of t h e  highway f i lmed  w a s  ve ry  h e a v i l y  
t r a f f i c k e d  i n  both  d i r e c t i o n s ,  w i th  a h igh  percen tage  of 
heavy commercia l :vehic les  and coaches.  The s e c t i o n  chosen 
t o  be f i lmed  w a s  w e l l  away from motorway junc t ions  t o  ensu re  
cons i s t ency  and u n i n t e r r u p t e d  f low cond i t i ons .  
U 
Figure 4.6-1 ' CiuamJ knd  tor obrae~G+io~ ... 
Figure 4.6-2 4 u f  pment used for observation. 
Figure 4.6-3 Section of M621 at Morley. 
The M621 Motorway i s  of two l a n e s  i n  t h e  d i r e c -  
t i o n  towards  Leeds (Eas t -bound)  and t h r e e  l a n e s  i n  t h e  
d i r e c t i o n  outward from Leeds (West-bound), t owards  t h e  M62 
Motorway, see f i g u r e  ( 4 . 6 - 3 ) .  
4 . 7  - Method of observation 
4.7.1 - Filming technique and data col lect ion 
The s i t e  l a y o u t  f o r  d a t a  c o l l e c t i o n  i s  shown i n  
f i g u r e  (4.7.1-1) It shows t h e  p o s i t i o n s  of t h e  v ideo  camera 
A and B. Dis tances  of  30 meters i n t e r v a l s  were used i n  
o r d e r  t o  c o n s t r u c t  g r i d  t imes  on t h e  moni tor  s c r e e n  f o r  t h e  
purpose of f i l m  a n a l y s i s  i n  t h e  l a b o r a t o r y .  The d i s t a n c e s  
of 30 meters w e r e  measureed and marked on t h e  s i d e  of t h e  road 
wi th  t h e  co-opera t ion  of t h e  W e s t  Yorkshire  P o l i c e  ~ u t h o r i t y .  
The t e n  marked p o i n t s  were t h e n  recorded  on a v ideo  f i l m  by 
us ing  a f l a s h  l i g h t  p o i n t i n g  a t  t h e  camera from each  marked 
p o i n t ,  t h e  camera be ing  mounted on t h e  b r idge .  Ten p o i n t s  
were recorded cover ing  a  d i s t a n c e  of 270 meters which produced 
t e n  h o r i z o n t a l  g r i d  l i n e s  p l o t t e d  on t h e  moni tor  s c r e e n  i n  t h e  
l a b o r a t o r y .  
A co lou r  v ideo  camera and a r a d a r  speedometer 
(MUNI QUIP DRS-3) w e r e  used t o  a n a l y s e  speed d i s t r i b u t i o n  of 
d i f f e r e n t  v e h i c l e  t y p e s  i n  d i f f e r e n t  l a n e s .  The GX-N70E-JVC 
co lou r  v ideo  camera w i t h  8X Auto-Focus zoom l e n s  w a s  used,  
( as  desc r ibed  i n  ~ p p e n d i x  A ) .  The camera w a s  mounted on a 
b r idge  t o  moni tor  t h e  s t r e t c h  of t h e  M621 under i n v e s t i g a t i o n  
from p o s i t i o n s  "A" and "B". see f i g u r e  ( 4 .7 .1 -1  1 . The camera 
w a s  about  6.10m above ground l e v e l  of t h e  road f a c i n g  t r a f f i c  
on t h e  t h ree - l ane  carr iageway.  I t  w a s  a t  p o s i t i o n  "A" f o r  
Figure 4.7.1-1Section of site (M621) filmed, camera 
positions (A & B) and traffic movements. 
t r a f f i c  t r a v e l l i n g  towards Leeds and a t  p o s i t i o n  "B" f o r  
t r a f f i c  t r a v e l l i n g  i n  t h e  o p p o s i t e  d i r e c t i o n .  
Ten f i l m s  of 2-hours '  d u r a t i o n  each  w e r e  r ecorded  
f o r  normal t r a f f i c  f low p e r i o d s  du r ing  t h e  morning hours  be t -  
ween 1 0  a.m. and 12  noon and i n  t h e  a f t e r n o o n s  between 2 p.m. 
and 4 p.m. 
The use  of v ideo-recorded t a p e s  enab led  each  ve- 
h i c l e  movement on t h e  s e c t i o n  of t h e  road t o  be s t u d i e d  i n  
d e t a i l  by examining t h e  movement of v e h i c l e s  on a frame-by- 
frame b a s i s ,  where eve ry  2 5  frames a r e  e q u i v a l e n t  t o  one 
second us ing  frame advance f a c i l i t y .  
Also t h e  use  of v ideo- f i lming  t echn iques  c r e a t e s  
a permanent r eco rd  which p rov ides  t h e  o p p o r t u n i t y  t o  check 
t h e  d a t a  and t h u s  c o n t r o l  t h e i r  q u a l i t y  a t  any t i m e .  
The r a d a r  speedometer Muni Quip DRS-3 w a s  used t o  
measure spot-speeds  f o r  v e h i c l e  t ype  p e r  l a n e  t o  s tudy  t h e  
p a t t e r n  'of speed d i s t r i b u t i o n .  The DRS-3 r a d a r  i s  s imple  
t o  o p e r a t e  and easy  t o  handle  and i s  a c r y s t a l - c o n t r o l l e d  
u n i t  which r e q u i r e s  no c a l i b r a t i o n .  The read-out  accuracy  
is  - + % km/h o r  mph. The DRS-3 r a d a r  has  an an tenna  t r a n s -  
m i t t e r  which t r a n s m i t s  a cone-shaped e l ec t romagne t i c  wave, 
s imilar  t o  t h e  beam of  a f l a s h  l i g h t .  The r a d a r  beam 
t r a v e l s  a t  t h e  speed of  l i g h t  i n  a s t r a i g h t  l i n e ,  u n t i l  it 
h i t s  s o l i d  o b j e c t s  i .e .  v e h i c l e s .  The p a r t  of t h e  r e f l e c t e d  
beam which r e t u r n s  t o  t h e  an tenna  i s  used t o  "sense"  t h e  
speed of a t a r g e t  moving towards o r  away from t h e  from t h e  
r a d a r  u n i t .  The DRS-3 r a d a r  speedometer can o p e r a t e  a t  any 
a n g l e  t o  t h e  l i n e  of t r a v e l  of v e h i c l e s .  Th i s  i s  because 
t h e  r a d a r  measures t h e  speed a t  which a t a r g e t  changes i t s  
d i s t a n c e  from t h e  an tenna .  A v e h i c l e  d r i v i n g  a t  an  a n g l e  
through t h e  r a d a r  beam produces  a n  e r r o r  r ead ing  ( c o s i n e  
e r r o r )  which i s  always lower t h a n  t h e  a c t u a l  t a r g e t  speed.  
I n  o r d e r  t o  reduce  t h e  e r r o r  i n  measuring t a r g e t  
speed it i s  a d v i s a b l e  t h a t  t h e  r a d a r  should be aimed from a 
l o c a t i o n  as c l o s e  t o  t h e  l i n e  of t r a v e l  as  p r a c t i c a l l y  pos- 
s i b l e .  I n  highway o p e r a t i o n s ,  a s i n g l e  v e h i c l e  speed mea- 
s u r e  s i t u a t i o n  i s  i d e a l .  On long and s t r a i g h t  roads  it may 
be advantageous t o  aim t h e  r a d a r  a t  a s l i g h t  a n g l e .  More 
d e t a i l s  about  t h e  DRS-3 r a d a r  speedometer are g i v e n ' i n  
Appendix A. 
4.7.2 - The method adopted  for f i l m  analysis 
H o r i z o n t a l  g r i d  l i n e s  w e r e  cons t ruc t ed .  on t h e  moni- 
t o r  s c r e e n  i n  t h e  l a b o r a t o r y  which w a s  used d u r i n g  f i l m  
a n a l y s e s  as mentioned i n  s e c t i o n  ( 4 . 7 . 1 ) .  
The recorded  f i l m  of t h e  t e n  p o i n t s  marked on t h e  
on t h e  s i d e  of t h e  M621 Motorway w a s  d i s p l a y e d  and h o r i z o n t a l  
l i n e s  were drawn a t  each  p o i n t  on t h e  moni tor  s c r e e n .  The 
d i s t a n c e s  between t h e  l i n e s  on t h e  moni tor  s c r e e n  r e p r e s e n t  
t h e  d i s t a n c e s  between t h e  t e n  p o i n t s  marked on t h e  s i d e  of  
t h e  road a t  30-meter i n t e r v a l s .  
When a n a l y s i n g  t h e  recorded f i l m s  i n  t h e  l a b o r a t o r y  
on a frame by frame b a s i s ,  where each  25 f rames are equiva-  
l e n t  t o  one second,  speed d i s t r i b u t i o n s  f o r  d i f f e r e n t  t y p e s  
of v e h i c l e s  p e r  l a n e  were ob ta ined .  The accu racy  of mea- 
s u r i n g  t h e  t i m e  needed f o r  a v e h i c l e  t o  t r a v e l  between con- 
s t r u c t e d  g r i d  l i n e s  on t h e  moni tor  s c r e e n  i s  0.04 seconds,  
see f i g u r e s  (4.7.2-1) and (4 .7 .2-2) .  
Each l a n e  w a s  ana lysed  s e p a r a t e l y  t o  o b t a i n  mean 
speed d i s t r i b u t i o n  f o r  each  l a n e  and speed d i s t r i b u t i o n  f o r  
each  v e h i c l e  type .  Also o b t a i n e d  from ana lysed  f i l m  were 
t h e  speeds  of v e h i c l e s  o v e r t a k i n g  s lower  v e h i c l e s  ove r  t h e  
s e c t i o n  of t h e  road f i lmed .  The speed of  each v e h i c l e  i n -  
volved i n  ove r t ak ing  o t h e r  v e h i c l e s  w a s  noted and t h e  number 
F i g u r e  4.7.2-1 Three  frames r e p r e s e n t i n g  v e h i c l e  
movement between c o n s t r u c t e d  grid 
l i n e s  on  t h e  m o n i t o r  s c r e e n .  
Figure 4 . 7 . 2 - 2  Equipment used for f i l m  a n a l y s i s .  
of v e h i c l e s  t h a t  w e r e  be ing  ove r t aken  and t h e i r  speeds  w e r e  
noted.  
For example, i f  a v e h i c l e  t r a v e l l e d  between g r i d  
l i n e  number 10  and g r i d  l i n e  number 1 and t h e  recorded  t i m e  
w a s  6 . 4 8  seconds,  
t h e n ;  
t r a v e l  speed = t o t a l  d i s t a n c e  
t o t a l  t i m e  
t o t a l  d i s t a n c e  = 270 meters  = 0.270 km 
t r a v e l  speed = 150 km/hr 
Speed d i s t r i b u t i o n  of t r a f f i c  t r a v e l l i n g  i n  bo th  
d i r e c t i o n s  on t h e  motorway w e r e  ob t a ined  and recorded  on 
s p e c i a l  d a t a  form s h e e t s .  The d a t a  o b t a i n e d  from recorded  
f i l m s  w a s  t hen  used t o  s tudy  speed d i s t r i b u t i o n  of  d i f f e r e n t  
v e h i c l e  t y p e s  and t h e i r  e f f e c t  on t r a f f i c  f low. 
4.8 - Speed observations ana lys i s  
4.8.1 - Vehicle type speed d i s tr ibut ion  
The c h a r a c t e r i s t i c s  of  i n d i v i d u a l  v e h i c l e  t y p e s  
t r a v e l l i n g  a long  a  s t r e t c h  of  road  de te rmines  t h e i r  p e r f o r -  
mance and p rog res s  a long  t h e i r  journey. D r i v e r s '  behaviour  
and t h e r e f o r e ,  t h e  t r a f f i c  c h a r a c t e r i s t i c s  of v e h i c l e s  i s  
g e n e r a l l y  recognised ,  under f ree- f low c o n d i t i o n s ,  t o  be ran-  
dom i n  n a t u r e .  
One of t h e  fundamental  parameters  f o r  d e s c r i b i n g  
v e h i c l e  t ype  e f f e c t s  on t r a f f i c  f low performance i s  speed 
d i s t r i b u t i o n .  The a i m  of t h e  i n v e s t i g a t i o n  w a s  t o  observe  
v e h i c l e  t ype  speed d i s t r i b u t i o n  on two-lane and m u l t i l a n e  
highways. These o b s e r v a t i o n s  w e r e  o b t a i n e d  from t h e  s tudy  
s i t e  du r ing  t h e  morning and a f t e r n o o n  bo th  f o r  peak and o f f -  
peak p e r i o d s .  Speed .observa t ions  w e r e  c l a s s i f i e d  a s  pas- 
senger  c a r s ,  l i g h t  goods v e h i c l e s ,  heavy goods v e h i c l e s  and 
a r t i c u l a t e d  goods v e h i c l e s  p e r  l a n e  of t r a v e l  ( n e a r  s i d e ,  
and f a r  s i d e  l a n e s )  f o r  t h e  two-lane motorway and ( n e a r s i d e ,  
middle and f a r  s i d e  l a n e s )  f o r  t h e  t h ree - l ane  motorway. 
A speed d i s t r i b u t i o n  s tudy  was conducted t o  i n -  
v e s t i g a t e  v e h i c l e  t ype  t r a v e l  p a t t e r n s  and how t h e y  are a f -  
f e c t e d  by t h e i r  l o c a t i o n  i n  d i f f e r e n t  l a n e s  under f ree- f low 
c o n d i t i o n s .  
4.8.2 - Fitting normal distributions 
I t  i s  o f t e n  assumed t h a t  speeds  are normal ly  d i s -  
t r i b u t e d .  To t e s t  t h i s  h y p o t h e s i s ,  t h e  mean and t h e  s t a n -  
da rd  d e v i a t i o n  of t h e  observed speeds  were c a l c u l a t e d  and a 
normal d i s t r i b u t i o n  w a s  f i t t e d  t o  t h e  observed va lues .  The 
Chi-square goodness of f i t  t e s t  w a s  a p p l i e d  t o  de te rmine  
how w e l l  speed d a t a  ag reed  w i t h  t h i s  f i t .  Tab les  (4.8.2-1) 
t o  (4.8.2-8) show t h e  speeds  observed and t h e i r  d i s t r i b u t i o n  
f o r  two-lane motorway, and t a b l e s  ( 4 . 8 . 2 - 9 )  t o  (4.8.2-18) 
f o r  t h r ee - l ane  motorway. 
Each t a b l e  g i v e s  t h e  l o c a t i o n  of o b s e r v a t i o n ,  t h e  
t ype  of v e h i c l e ,  t i m e  of o b s e r v a t i o n  and t h e  r e s u l t s  of  t h e  
Chi-square t e s t .  Each t a b l e  i s  fol lowed by t h e  normal d i s -  
t r i b u t i o n  curve  showing t h e  mean and s t a n d a r d  d e v i a t i o n .  
I n d i v i d u a l  speeds  have been grouped i n t o  speed c l a s s e s  of  5km/ 
h ,  a n  i n t e r v a l  which reduces  t h e  d a t a  i n t o  a n  e a s i l y  managed 
number of c l a s s e s  and y e t  does  no t  h i d e  t h e  form of t h e  speed 
d i s t r i b u t i o n .  For ease i n  p r e s e n t a t i o n ,  t h e  columns have 
been numbered and i n d i c a t e  t h e  fo l lowing:  
Column 1 : Speed class i n  km/h 
Column 2 : Observed f requency  i n  class 
Column 3 : Observed f requency  of speeds  g r e a t e r  t h a n  
t h e  lower c l a s s  l i m i t  
Column 4 : Column 3 expressed  a s  a percen tage  
Column 5 : T h e o r e t i c a l  f requency  of speeds  i n  class,  
o b t a i n e d  by f i t t i n g  a normal d i s t r i b u t i o n  
t o  t h e  observed va lues  w i t h  t h e  s a m e  mean 
and s t a n d a r d  d e v i a t i o n  
Column 6 : T h e o r e t i c a l  f requency  of speeds  g r e a t e r  
t h a n  t h e  lower class l i m i t  
Column 7 : Column 6 expressed  i n  a  percen tage .  
The r e s u l t s  are summarized i n  t a b l e s  ( 4 . 8 . 2 - 9 )  
and ( 4 . 8 . 2 - 2 0 )  which show t h e  mean and Chi-square v a l u e s  
f o r  each  v e h i c l e  t ype  and t h e  observed f low f o r  each l a n e  
of t h e  highway. 
From t h e s e  r e s u l t s  and wi th  5 p e r  c e n t  conf idence  
l i m i t s ,  it is  concluded t h a t  t h e  speeds  i n  a l l  l a n e s  f o r  
each v e h i c l e  t ype  cons ide red  could be regarded  as normal ly  
d i s t r i b u t e d .  
The r e s u l t s  i n d i c a t e  t h e - f o l l o w i n g ;  
i - The mean v a l u e s  of  t h e  speed of passenger  c a r s  t r a v e l -  
l i n g  i n  t h e  f a s t  l a n e  a r e  a lmos t  t h e  same f o r  peak and o f f -  
peak pe r iods .  This  i s  because v e h i c l e s  have t o  ma in t a in  
h i g h e r  speeds  whi le  o v e r t a k i n g  and t o  observe  t h e  f a s t - l a n e  
ove r t ak ing  r e g u l a t i o n  i n  bo th  pe r iods .  These mean va lues  
i n d i c a t e  t h a t  passenger  c a r s  are capable  of ma in t a in ing  
Table 4.8.2-1 Light  goods v e h i c l e s  speed d i s t r i b u t i o n  
(near -s ide  lane/peak p e r i o d s ) .  
'SPEED DISTRIBUTlON* 
Figure 4.8.2-1 Speed d i s t r i b u t i o n  ( l i g h t  goods v e h i c l e s ) .  
Table  4 .8 .2 -2  Heavy goods v e h i c l e s  speed d i s t r i b u t i o n  
( n e a r - s i d e  l ane /peak  p e r i o d s ) .  
Figure 4 . 8 . 2 - 2  Speed D i s t r i b u t i o n  (Heavy Goods V e h i c l e s ) .  
Table 4 .8 .2 -3  Light  goods v e h i c l e s  speed d i s t r i b u t i o n  (near -  
side lane/off-peak periods). 
mean va lue  = 7 7 . 4 4  km/h 
standard d e v i a t i o n  = 11.36km/h 
'SPEED DISTRIBUTION' 
Figure 4.8.2-3 Speed d i s t r i b u t i o n  ( l i g h t  goods v e h i c l e s ) .  
IOU # tRVED'  
- - - 'THEORETI CAL  ' 
'S IZE ( (40 ,0) ,  (100, 100) 1 ' 
Table 4.8.2-4 Heavy goods vehicles speed distribution (near- 
side lane/off-peak periods). 
'SPEED DISTRIBUTION'  
Figure 4 . 8 . 2 - 4  Spped d i s t r i b u t i o n  (heavy goods v e h i c l e s ) .  
100 , EKPED ' 
- - -  'THEORETICAL ' 
'SIZE ((35,0), (100, 100) 1 ' 
Table 4.8.2-5 Passenger cars speed distribution (far-side 
lane/peak periods). 
Figure 4 . 8 . 2 - 5  Speed d i s t r i b u t i o n  (passenger c a r s ) .  
'SPEC0 OISTRIBUTION' 
20 / ' 
- - -  'THEORETICAL ' 
'SIZE ( (55,0) ,  (120,1201 ' 
OU 
mean va lue  = 9 1 . 2 7  km/h 
standard d e v i a t i o n  = 12.43km/h 
n 
  able 4.8.2-6 Heavy and l i g h t  goods v e h i c l e s  speed d i s t r i -  
bution ( f a r - s i d e  lane/peak p e r i o d s ) .  
Figure 4 . 8 . 2 - 6  Speed Distribution (Heavy and Light Goods 
V e h i c l e s )  . 
Table 4.8.2-7 Passenger cars speed distribution (far-side 
lane/off-peak periods). 
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- - -  'THEORETICAL ' 
'SIZE( (55,0), (100, 100) 1 ' 
mean v a l u e  = 9 0 . 4 4  km/h 
standard d e v i a t i o n  = 13.19km/h 
Table 4.8.2-8 Heavy and l i g h t  goods v e h i c l e s  speed d i s t r i -  
bu t ion  ( f a r - s i d e  lane/off-peak p e r i o d s ) .  
Figure 4.8.2-8 Speed Distribution (Heavy and Light Goods 
Vehicles). 
'SPEED OISTRIBUT ION' 
90 
86 
- - - - - -  
'O SERVED' 
'THEORETICAL ' 
"SIZE ( (40.01 , (90,901 ' 
Mean speed = 70.38 Km/k 
T a b l e  4.8.2-9 Summary o f  o b s e r v e d  s p e e d s  f o r  2 - l a n e  motorway.  
TYPe 
of 
V e h i c l e  
T o t a l  No. 
of 
O b s e r v a t i o n  
Mean Speed  
( KM/H ) 
S t a n d a r d  
D e v i a t i o n  
( KWH 
* 
x 0 . 9 5  
r 
Near S i d e  Lane  F a r  S i d e  Lane 
Peak  P e r i o d  Off -Peak  p e r i o d  Peak  P e r i o d  
L i g h t  
Goods 
V e h i c l e  
464 
80.50 
1 1 . 9 1  
12 .35  
22.362 
Of f -Peak  P e r i o d  
L i g h t  
Goods 
v e h i c l e  
3 2 5  
77.44 
11 .36  
24.369 
22.362 
C a r s  
542 
91.27 





V e h i c l e  
600 
65.65 
10 .88  
13 .332  
21.026 
C a r s  
412 
90.44 
1 3 . 1 9  




V e h i c l e  
495 
70.40 
13 .86  




V e h i c l e  
488 
70.46 
1 1 . 9 8  
9.73C 
21.026 
L i g h t  
Goods 
V e h i c l e  
316 
70.38 




Table 4.8.2-10 Ligh t  goods v e h i c l e s  speed d i s t r i b u t i o n  
(nea r - s ide  lane/peak p e r i o d s ) .  
Figure 4.8.2-10 speed Distribution (Light Goods Vehicles). 
Table4.8.2-11 Heavy goods vehicles speed distribution 
(near-side lane/peak periods). 
Figure4.8.2-11Speed Distribution (Heavy Goods Vehicles). 
Table 4.8.2-12 Light goods vehicles speed distribution 
(near-side lane/off-peak periods). 
Figure 4 .8 .2-12 Speed d i s t r i b u t i o n  ( l i g h t  goods v e h i c l e s ) .  
Table 4 . 8 . 2 - 1 2  Heavy goods  v e h i c l e s  speed  d i s t r i b u t i o n  
(near-side l a n e / o f f  peak p e r i o d s ) .  
Figure 4.8.2-13 Speed ~istribution (Heavy Goods Vehicles). 
Table 4.8.2-14 Light  goods v e h i c l e s  speed d i s t r i b u t i o n  
(middle lane/peak pe r iods  ) . 
I I 
- - - 'THEORETICAL' I I 
Mean speed = 69.11 ~ m / h  
Standard deviation = 10.36 Km/h 
Figure4.8.2-14Speed Distribution (Light Goods Vehicles). 
Table  4.8.2--15 Passenger cars speed distribution (midd le  
l ane /peak  periods). 
Figure4.8.2-15Speed Distribution (Passenger Cars). 
Table4.8.2-16 Light goods vehicles speed distribution 
(middle lane/off-peak periods). 
F i g u r e  4.8.2-16Speed D i s t r i b u t i o n  ( L i g h t  Goods V e h i c l e s ) .  
50- I t H V t D  ' 
- - -  'THEORETICAL ' 
'SIZE ( (35,Ol , (50,50) 1 ' 
Table 4.8.2-17 Passenger cars speed distribution (middle 
lane/off-peak periods). 
Figure4.8.2-17Speed Distribution (Passenger Cars). 
1 2u 
I 
- - -  'THEORET I CAL ' 
" S I Z E  ( (50,Ol , ( 1  30, 1301 1 ' 
Table 4.8.2-18 Passenger c a r s  speed d i s t r i b u t i o f l f a r - s i d e  lane/ 
peak p e r i o d s ) .  
Figure4.8.2-18Speed Distribution (Passenger Cars). 
Table 4.8.2-19 Passenger cars speed distribution(far-side 
lane/off-peak periods). 
Fkgure 4.8.2-19~peed Distribution (Passenger Cars). 
120 , t R V t D  ' 
- - - 'THEORET I CAL ' 
.'SIZE ( (70. Q 1  . (120. 120) ' 
Table 4.8 .2-20 Summary o f  o b s e r v e d  s p e e d s  f o r  3 - l a n e  Motorway. 
F a r - s i d e  Lane N e a r - s i d e  Lane 
Peak  
P e r i o d  
C a r s  
576 
1 0 0 . 8 9  
1 0 . 7 7  
7 .452  
1 9 . 6 7 5  
Midd l e  Lane  
Peak  
P e r i o d  
Type 
o f  
V e h i c l e  
T o t a l  No. 
o f  
O b s e r v a t i o n  
M e a n s p e e d  
( KM/H 
S t a n d a r d  
D e v i a t i o n  
( KM/H 
x' 
x 0 . 9 5  
Off -Peak 
P e r i o d  
C a r s  
415 
1 0 2 . 4 3  
9 .65  
5 .648  
1 9 . 6 7 5  
a 
Peak  
P e r i o d  
O f f  -Peak  
P e r i o d  
Of f -Peak  
P e r i o d  
L i g h t  
Goods 
Vehicle 
1 7 7  
68 .77  
1 0 . 0 0  
20.594 
1 9 . 6 7 5  
Light 
VGOOds 
e h i c l e  
407 
72 .65  
9 .17 
8 .766  
19 .675  
car, 
405 
88 .24  
1 2 . 5 4  
1 5 . 1 3 2  
23 .658  
Heavy 
a n d  
A r t i c u l .  
Goods 
, ,. , 
555  
6 8 - 6 9  
10 .86  
13 .417  
22.362 
Heavy 
V e h i c l e  I,G 
265 
57 .90  
10 .92  
25.040 
1 9 . 6 7 5  
393  
61 .13  
1 0 . 5 2  
1 8 . 7 5 8  
22.362 
242 
6 9 . 1 1  
1 0 . 3 8  
1 1 . 5 2 2  
1 9 . 6 7 5  
48 9 
87 .16  
1 1 . 9 3  
22 .207  
23 .685  
h ighe r  speeds  t h a n  h e a v i e r  v e h i c l e s .  
ii - Speed mean v a l u e s  of passenger  c a r s  and l i g h t  goods 
v e h i c l e s  t r a v e l l i n g  i n  t h e  middle l a n e  have a lmos t  t h e  
same va lues  f o r  peak and of f -peak  pe r iods .  
iii - Vehic les  t r a v e l l i n g  i n  t h e  slow l a n e  ( l i g h t  goods 
v e h i c l e s ,  heavy and a r t i c u l a t e d  goods v e h i c l e s )  have lower 
speed mean v a l u e s  i n  o f f -peak  p e r i o d s  t han  i n  t h e  peak 
pe r iods .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  i s  t h e  a t t i t u d e  
of t h e  d r i v e r s .  The d r i v e r  of a commercial v e h i c l e  i s  
g e n e r a l l y  more concerned about  t ime ( i . e .  speed )  t h a n  t h e  
d r i v e r  of  a  c a r  du r ing  peak p e r i o d s  s i n c e  t ime  means money 
t o  t h e  l o t t y  d r i v e r .  The re fo re ,  he is more l i k e l y  t o  be 
t r a v e l l i n g  as  f a s t  a s  p o s s i b l e .  
i v  - Speed mean va lues  a r e . i n v e r s e l y  p r o p o r t i o n a l  t o  s i z e  
of v e h i c l e s .  This  i s  a p p a r e n t  f o r  both  nea r  s i d e  and 
middle l a n e s ,  and i s  due t o  v e h i c l e  t ype  movement c a p a b i l i t y .  
4.9 - Vehicle type d i s t r i b u t i o n  
Percen tages  of heavy commercial v e h i c l e s  of t h e  
t o t a l  f low on r u r a l  highways a r e  r e q u i r e d  f o r  road d e s i g n  
and c a p a c i t y  c a l c u l a t i o n ,  because of t h e i r  impact on average  
speeds  and on t o t a l  t r a f f i c  f low performance,  e s p e c i a l l y  a s  
t h e y  r e l a t e  t o  grade-cl imbing c a p a b i l i t i e s .  Also t h e i r  i n -  
c r e a s i n g  s i z e s  ( l e n g t h  and wid th )  d e c t a t e  requi rements  f o r  
t h e  dimensions of t h e  roadway; l a n e  width  must accommodate 
t h e  wides t  v e h i c l e  normal ly  u s ing  t h e  road ;  t h e  l o n g e s t  ve- 
h i c l e  must be a b l e  t o  n e g o t i a t e  t h e  s h a r p e s t  curve .  The 
v a r i a t i o n  i n  percen tages  of heavy commercial v e h i c l e s  d u r i n g  
t h e  hours  of o b s e r v a t i o n  p e r  l a n e  of t r a v e l  was noted.  
Heavy commercial v e h i c l e s  were c l a s s i f i e d  acco rd ing  t o  t h e i r  
s i g n i f i c a n t  numbers and due t o  t h e i r  w i d e  range of s i z e s  and 
a x l e s  arrangement ,  t h e  c l a s s i f i c a t i o n  w a s  a cco rd ing  t o  number 
of a x l e s .  F igure  ( 4 .  9 -1) shows t h e  d i f f e r e n t  arrangements  
of heavy commercial v e h i c l e s  observed wi th  t h e i r  average  
l e n g t h s  i n  meters .  Table  ( 4 .  9 - 2 )  g i v e s  d a t a  of t h e  observed 
number of heavy commercial v e h i c l e s  wi th  t h e i r  cor responding  
number of a x l e s .  The observed number of heavy v e h i c l e s  ver-  
s u s  t h e  number of a x l e  arrangements  were p l o t t e d  as shown i n  
f i g u r e  ( 4 . 9  - 2 ) ,  which shows t h a t  t h e  h i g h e s t  number of a x l e s  
p e r  heavy commercial v e h i c l e s  a r e  t h e  ones  w i th  4-axles 
( two-axle t r a c t o r  and two-axle t r a i l e r ) .  
T r a f f i c  f low composi t ion was i n v e s t i g a t e d  and 
v e h i c l e  t y p e  d i s t r i b u t i o n s  i n  e a c h  l a n e  were r e c o r d e d  a n d  
d a t a  are p r e s e n t e d  i n  t a b l e  ( 4 . 9  -1). T h i s  d a t a  i s  a l s o  
r e p r e s e n t e d  by f i g u r e  ( 4 .  9  - 1 ) . 
T a b l e  4 . 9  - 1  V e h i c l e  t y p e  d i s t r i b u t i o n  p e r  l a n e  p e r  h o u r  (peak-  
p e r i o d s  ) . 
The obse rved  d i s t r i b u t i o n  of heavy commercial  v e h i c l e s  
c l a s s i f i e d  by number of  a x i e s  i n  t h i s  s t u d y  a g r e e s  w i t h  t h e  
la tes t  r e p o r t  p u b l i s h e d  by t h e  Department  of  T r a n s p o r t  (DTp) 
( 2 2 ) .  I t  i s  r e p o r t e d  t h a t  t h e  f r e i g h t  moved by heavy l o r r i e s  
i n  G r e a t  B r i t a i n  i n c r e a s e d  by a b o u t  2 . 5  per c e n t  between 1984 
Three - l ane  Motorway 
Near s i d e  Middle F a r  s i d e  
l a n e  (VPH ) l a n e  (VPH ) l a n e  ( VPH ) 
419 984 578 
( 3 0 )  ( 6 9  1 ( 9 0 )  
255 219 43 
( 1 9 )  ( 1 6 )  ( 7 )  
493 136 1 5  
( 3 6 )  ( 1 0 )  ( 2  
172 56 - 
( 1 3 )  ( 4 )  
32 21 6  
( 2 )  (1) (1) 
1371  1416 642 
, 
V e h i c l e  
TYPe 
C a r s  No. 
( % I  
L i g h t  and No. 
medium s i z e  ( % 
goods 
v e h i c l e s  
Heavy No. 
goods ( % I  
v e h i c l e s  
A r t i c u l a -  No. 
t e d  goods ( % )  
v e h i c l e s  
O t h e r s  No. 
( % I  
T o t a l  (VPH) 
Two-lane Motorway 
Near s i d e  F a r  s i d e  
l a n e  (VPH) l a n e  (VPH) 
247 628 
( 1 7  1 ( 6 2 )  
339 210 
( 2 3 )  ( 2 0 )  
648 129 
( 4 3 )  ( 1 3 )  
217 46 
( 1 5 )  ( 4 5 )  
26 4 
( 2 )  ( 0 . 5 )  
1477 1017 
T r a i l e r  (Double ) S i n g l e  U n i t  HGV 
5 -ax les  ( A v .  l e n g t h  14.45m) 3 - a x l e s  (Av. l e n g t h  7.75111) 
T r a i l e r  (Double) A r t i c u l a t e d  G.V. 
6 - a x l e s  (Av. l e n g t h  1 5 .  Om) 4-axles  (Av. l e n g t h  10.67m) 
1 ( &ir -m bod 
Draw B a r  Tra i le r -Tandem a x l e  Double Tanker  1 1 - a x l e s  
6 -ax les  ( A v .  l e n g t h  15.15m) ( A V .  l e n g t h  15.10111) 
T r i p l e  T r a i l e r  Combinat ion T r i p l e  T r a i l e r  Combinat ion 
8 - a x l e s  (Av. l e n g t h  15.40m) 7 - a x l e s  ( A V .  l e n g t h  15.40m) 
F i g u r e  4 .  9 -1 Heavy Commercial V e h i c l e s  C l a s s e s  Observed.  
Table 4.9 - 2  Heavy commercial  v e h i c l e s  i n  
number of axle ar rangement .  
Number of 







Observed number of 




5 5 0  
307  
243 
Number of axles 
Figure 4. 9 -2 Heavy Commercial Vehicle Distribution ~ccording 
to their Total Number of Axles. 
and 1985.  Most o f  t h i s  w a s  c a r r i e d  by 38 t o n n e  v e h i c l e s  
and t h e r e  w e r e  s i g n s  of a  s h i f t  t o w a r d s  t h e  u s e  o f  h a u l a g e  
t r a n s p o r t  f l e e t s .  The r ise i n  r o a d  f r e i g h t  a c t i v i t y  d u r i n g  
1985 showed a  s i g n i f i c a n t  i n c r e a s e  where 1 . 4  b i l l i o n  t o n n e s  
were c a r r i e d ,  a n  a v e r a g e  o f  o v e r  3 ,000 t o n n e s  p e r  v e h i c l e .  
The number of  f o u r  and f i v e - a x l e ,  3 t o n n e  a r t i c u l a t e d  ve- 
h i c l e s  showed t h e  h i g h e s t  i n c r e a s e  on t h e  r o a d s .  For  example 
t h e  number o f  f i v e - a x l e  a r t i c u l a t e d  goods v e h i c l e s  r o s e  f rom 
19 ,000  a t  t h e  end o f  1984 t o  26 ,000 a t  t h e  end o f  1985.  A l -  
though t h i s  i s  o n l y  a b o u t  6  p e r  c e n t  o f  t h e  s t o c k  o f  HGVS, 
38 t o n n e  v e h i c l e s  a c c o u n t e d  f o r  o v e r  a  q u a r t e r  o f  t h e  t o t a l  of  
t o n n e s  moved, and t h e y  t r a v e l l e d ,  on a v e r a g e ,  o v e r  80 ,000  km 
( 5 0 , 0 0 0  m i l e s )  i n  t h e  y e a r  compared w i t h  a n  a v e r a g e  o f  37 ,000 
km (23 ,000  m i l e s )  f o r  a l l  HGV1s. 
The above f i g u r e s  i n d i c a t e  t h e  t r e n d  towards  h i g h e r  
a c t i v i t y  of heavy commercial  v e h i c l e s  on t h e  r o a d s  and a  
h i g h e r  number of  t r i p s  u n d e r t a k e n .  T h i s  i n c r e a s e  w i l l  a f f e c t  
t r a f f i c  f l o w  performance  and  roadway c a p a c i t y  which w i l l  be 
d i s c u s s e d  i n  s e c t i o n  4.11 of  t h i s  c h a p t e r .  
4.10 - Passenger car u n i t  equivalencies for two-lane 
rural highways 
4.10-1 - Vehicle type overtaking criteria 
O v e r t a k i n g  p r o c e d u r e  c o v e r s  t h e  movements of e a c h  
v e h i c l e  t y p e  from t h e  e n t r y  zone of  a n a l y s i s  d e s c r i b e d  a s  
" p o i n t  10"  up t o  i t s  e x i t  p o i n t  "1"  c o v e r i n g  a  t o t a l  d i s t a n c e  
of 270m as shown i n  f i g u r e  ( 4 . 7 . 1 - 1 ) .  The s e c t i o n  of  t h e  
r o a d  c o n s i d e r e d  f o r  a n a l y s i s  i s  assumed t o  r e p r e s e n t  a n  i d e a l  
s i t u a t i o n  f o r  s t u d y i n g  t h e  o v e r t a k i n g  p r o c e d u r e .  I t  i s  t h e  
i n t e n t i o n  of  t h i s  s t u d y  t o  i n c l u d e  t h e  t y p i c a l  b e h a v i o u r  
c h a r a c t e r i s t i c s  o f  t h e  v a s t  m a j o r i t y  of  v e h i c l e  and t h e i r  
o p e r a t o r s .  
Towards t h i s  e n d ,  c e r t a i n  g e n e r a l  r u l e s  were e s t a b -  
l i s h e d  f o r  t h e  a n a l y s i s  p r o c e d u r e :  
1. V e h i c l e s  e n t e r  and e x i t  t h e  zone o f  a n a l y s i s  a t  t h e i r  own 
d e s i r e d  s p e e d s ,  
2 .  V e h i c l e s  e n t e r  t h e  zone of a n a l y s i s  i n  a c c o r d a n c e  w i t h  
p r e s c r i b e d  random d i s t r i b u t i o n ,  
3 .  There  i s  no r e s t r a i n t  o r  f o r c e d  f l o w  c o n d i t i o n ,  
4 .  There  i s  no o b s t r u c t i o n  from s t a t i o n a r y  v e h i c l e s ,  
5.  V e h i c l e s  are f r e e  t o  change l a n e  and o v e r t a k e  w i t h i n  t h e  
zone of a n a l y s i s .  
Overtaking manoeuvre d e c i s i o n s  by d r i v e r s  are con- 
s i d e r e d  for passenger  c a r s  o n l y .  Passenger  c a r s  a r e  t h e  
base v e h i c l e  by  which t o  measure o t h e r  v e h i c l e  t ypes .  Four 
v e h i c l e  t ype  c a t e g o r i e s  were cons idered  f o r  o v e r t a k i n g  
manoeuvre a n a l y s i s :  
1. Passenger  c a r s  
2 .  L igh t  goods v e h i c l e s  ( L G V )  
3 .  Heavy goods v e h i c l e s  ( H G V )  
4 .  A r t i c u l a t e d  goods v e h i c l e s  ( A G V )  
Passenger  c a r  ( o v e r t a k i n g  v e h i c l e s )  speeds  and 
t h e  number of o v e r t a k i n g s  performed w i t h i n  t h e  a n a l y s i s  zone 
were recorded .  Also t h e  ove r t aken  v e h i c l e s '  speeds  were 
no ted .  
4.10-2 - V e h i c l e  t y p e s  e q u i v a l e n t s  
D a t a  o b t a i n e d  from f i l m  a n a l y s i s  o f  t h e  o v e r t a k i n g  
p r o c e d u r e  be tween  f a s t e r  moving v e h i c l e s  ( p a s s e n g e r  cars)  
and  slower moving v e h i c l e s  ( l i g h t ,  heavy and  a r - t i c u l a t e d  
goods v e h i c l e s )  were u s e d  t o  c a l c u l a t e  t h e i r  p a s s e n g e r  c a r  
u n i t ,  e q u i v a l e n c i e s .  
To s i m p l i f y  t h e  c o m p u t a t i o n  o f  p a s s e n g e r  car u n i t  
e q u i v a l e n c i e s  u s i n g  e q u a t i o n s  ( 4 . 5 . 3 - 4 )  and  (4 .5 .3-5)  deve-  
l oped  i n  s e c t i o n  ( 4 . 5 . 3 )  o f  t h i s  c h a p t e r ,  s p e c i a l  t a b l e s  
w e r e  i n t r o d u c e d  ( e . g .  t a b l e  4 .10 .2-1) .  These t a b l e s  w e r e  
d e s i g n e d  t o  show t h e  c a l c u l a t i o n  o f  t h e  p a r a m e t e r s  i n  t h e  
above  e q u a t i o n s  and  t h e y  show t h e  f o l l o w i n g : -  
i )  t h e  f i r s t  column r e p r e s e n t s  t h e  number o f  s l o w e r  moving 
v e h i c l e s  ( o v e r t a k e n  v e h i c l e s )  i n  e a c h  a v e r a g e  s p e e d  c l a s s .  
ii) t h e  second  column r e p r e s e n t s  a v e r a g e  s p e e d  c l a s s e s  o f  
slower moving v e h i c l e s  a n d  t h e i r  i n v e r s e s .  
iii) t h e  t o p  l i n e  shows t h e  number o f  f a s t e r  moving v e h i c l e s  
( o v e r t a k i n g  v e h i c l e s  i n  e a c h  a v e r a g e  s p e e d  c l a s s .  
i v )  t h e  second  l i n e  shows t h e  a v e r a g e  s p e e d  classes o f  
f a s t e r  moving v e h i c l e s  and  t h e i r  i n v e r s e s .  
V )  i n  l i n e  t h r e e  column t h r e e ,  t o  l i n e  t h i r t e e n  column 
t h i r t e e n ,  t h e  t o p  f i g u r e s  shown i n  e a c h  l i n e  r e p r e s e n t  t h e  
i n v e r s e  o f  S m u l t i p l i e d  by S2 a n d  t h e  bo t tom f i g u r e s  i n  1 
e a c h  l i n e  r e p r e s e n t  t h e  "N" v a l u e s  which are o b t a i n e d  u s i n g  
t h e  f o l l o w i n g :  
(S, - S,) 
The r e s u l t  o f  e a c h  l i n e  i s  g i v e n  i n  t h e  l a s t  
column o f  t h e  t a b l e  a n d  t h e  summation of  t h e s e  v a l u e s  w i l l  
g i v e  t h e  t o t a l  number o f  o v e r t a k i n g s  "N" which i s  g i v e n  a t  
t h e  bo t tom o f  t h e  l a s t  column. 
E q u a t i o n  4.5 .3-5 i s  t h e n  used  t o  compute pas -  
s e n g e r  car u n i t  e q u i v a l e n c i e s  a t  d i f f e r e n t  s p e e d s  o f  t h e  
o v e r t a k e n  v e h i c l e s  a n d  are  p r e s e n t e d  i n  t h e  s e p a r a t e  t a b l e  
f o l l o w i n g  i n  s equence .  D i f f e r e n t  f l o w s  were c o n s i d e r e d  
t o  measure  p a s s e n g e r  c a r  u n i t  e q u i v a l e n c i e s  r a n g i n g  f rom 
730 VPH t o  1 , 7 9 0  VPH. Summary t a b l e s  (4 .10 .2-11)  t o  
(4 .10 .2 -14 )  show v e h i c l e s  t y p e  p a s s e n g e r  car u n i t  e q u i v a -  
l e n c i e s  a t  d i f f e r e n t  f l o w  l e v e l s .  Each t a b l e  i s  rep-  
r e s e n t e d  by a g r a p h  where s p e e d s  o f  s l o w e r  v e h i c l e s  a r e  
Table 4.10.2-1 Matrix for Determining Passenger Car Equivalents (Cars 
and Light Goods Vehicles). 
T o t a l  Flow ( 7 3 0  V / H )  
Tab le  4 .10 .2 -2  P a s s e n g e r  C a r  U n i t  E q u i v a l e n t s /  
Speed o f  Slower V e h i c l e s  R e l a t i o n -  
s h i p  (Cars and L i g h t  Goods V e h i c l e s ) .  
Speed of Slower 








P a s s e n g e r  Car  U n i t  
E q u i v a l e n t s  
1 3  ,16 
6.83 
2.31 
1 . 6 3  
1.00 
1.00 
T o t a l  f l o w  ( 1 0 7 0  VPH) 
Table4.10.2-3 Matr ix  f o r  ~ e t e r m i n i n g  Passenger  Car Equiva len ts  (Ca r s  
and Light  Goods V e h i c l e s ) .  
T o t a l  
6 . 0 0  
3 .2444 
7 . I 2 9 8  




1 8 . 3 5 9  
N O .  o f  
v e h i c l e s  
Q~ a t  





















































6 0  
0.0143 
7 0  
0.0175 
8 0  
0 .0111 
9 0  
0.0100 
1 0 0  
0 .0091  
11 0 
0.0083 
1 2 0  
T o t a l  
v e h i c l e s  
11 
0.01250.0143 































Q2 a t  
22 
7 0  
- 





N u m b e r  
3 




0 2 7 9 6  
0.01590.0150 
0.180 







o f  
4  
0.0111 

















f a s t e r  
2  7  
0 .0167 
6 0  
0 .03570 .0333  
- 
0.019C0.0166 
1 .7928  
0 .01070 .0083  
0.94160.8964 
0.00570.0033 




1 3  
0.0200 





0 . 0  05 
0 .260  
- 
- 

























T o t a l  Flow ( 1 0 7 0  V / H )  
T a b l e  4 .10 .2 -4  P a s s e n g e r  C a r  U n i t  E q u i v a l e n t s /  
S p e e d  of S l o w e r  V e h i c l e s  P s i a t i o n -  
s h i p  ( C a r s  a n d  L i g h t  Goods V e h i c l e s ) .  
S p e e d  of S l o w e r  







P a s s e n g e r  C a r  U n i t  
E q u i v a l e n t s  
1 5 - 7 1  
8 . 1 5  
4 . 4 1  
2 . 1 5  
1 . 0 0  
1 . 0 0  
NO. of  
v e h i c l e s  
s lower  
speed Sl 
( Km/h 
I Tota l  
Number of  v e h i c l e s  Q a t  f a s t e r  speed S2 (Km/h) 2 Tota 1  
I: N 15.79 
Tota l  f l ow  ( 1 4 0 0  V P H )  
Table 4.10.2-5 Matrix for Determining Passenger Car Equivalents (Cars 
and Light Goods Vehicles). 
T o t a l  F l o w  ( 1 4 0 0  V/H) 
T a b l e  4 . 1 0 . 2 - 6  P a s s e n g e r  C a r  Unit E q u i v a l e n t s /  
S p e e d  of S l o v e r  V e h i c l e s  R e l a t i o n -  
s h i p  ( C a r s  a n d  L i g h t  G o o d s  V e h i c l e s ) .  
S p e e d  of f l o w  







P a s s e n g e r  C a r  U n i t  
E q u i v a l e n t s  
18.68 
9 . 6 6  
5.20 
2 . 5 1  
I-&! 
1 . 0 0  
T o t a l  I : N  1 8 . 9 2 0  
T o t a l  flow ( 1 7 3 0  V P H )  
Table4.10.2-7 Matrix for Determining Passenger Car Equivalents (Cars 
and Heavy Goods Vehicles). 
T o t a l  Flow 1730 V/H)  
T a b l e  4.10.2-8 P a s s e n g e r  Car  U n i t  ~ q u i v a 1 e n t . s  / 
Speed o f  S lower  V e h i c l e s  R e l a t i o n -  
s h i p  ( C a r s  a n d  Heavy Goods V e h i c l e s ) .  
Speed o f  S lower  






- -7  0 
P a s s e n g e r  Car  U n i t  




2.36 .  
1 . Q.0 
, 1 . 0 0  
1 
T o t a l  f l o w  ( 1 7 3 0  V F H )  
Table 4 .10 .2 -9  M a t r i x  f o r  Determining P a s s e n g e r  Car E q u i v a l e n t s  ( C a r s  
and A r t i c u l a t e d  Goods V e h i c l e s ) .  
1 






NO. o f  
v e h i c l e s  
Q1 a t  
s l o w e r  
s p e e d  S1 








2  0  
3  1 
1 
0.0083 




















2 0  
0.0333 
3 0  
0.0250 
4 0  
0.0200 
5 0  
0.0167 
6 0  
0.0143 
7 0  
0.0175 
8 0  
- 











9 0  
0.0100 




1 2 0  






























1 0 0  
- 





















o f  
2  2  
0 .0111  

















s p e e d  
1 
0 .0200  






0 .010  
- 
- 
v e h i c l e s  
3  0  
0.01250.0143 








0 .350  
0.0042 
1 . 0 0 8  
0.0018 
1 . 0 8 0  
- 
- 











f a s t e r  
9  
0.0167 











T o t a l  Flow ( 1 7 3 0  V / H )  
T a b l e  4 .10.2-10 P a s s e n g e r  C a r  U n i t  E q u i v a l e n t s /  
Speed  o f  S l o w e r  V e h i c l e s  R e l a t i o n -  
s h i p  ( C a r s  a n d  A r t i c u l a t e d  Goods 
V e h i c l e s ) .  
Speed  o f  S l o w e r  







P a s s e n g e r  C a r  U n i t  
E q u i v a l e n t s  
27.54 
1 5 . 1 5  
9 . 0 1  
5 .29 
2.89. 
1 . 1 6  
T a b l e  4 .10 .2 -11  P a s s e n g e r  C a r  U n i t  ~ q u i v a l e n c e s / S p e e d  
o f  S l o w e r  V e h i c l e  R e l a t i o n s h i p  ( T o t a l  
Flow 7 3 0  V/H). 
S p e e d  o f  
S l o w e r  
V e h i c l e  
( KWH 
2  0  
3  0  
40 
5 0  
6  0  
7  0  
P a s s e n g e r  C a r  U n i t  E q u i v a l e n c e s  
L i g h t  Goods  
V e h i c l e  
1 3 . 1 6  
6 . 8 3  
2 . 3 1  
1 . 8 3  
1 . 0 0  
1 . 0 0  
Heavy Goods  
V e h i c l e  
2 1 . 1 0  
1 0 . 7 0  
5 . 6 0  
2 . 6 2  
1 . 1 0  
1 . 0 0  
A r t i c u l a t e d  
Goods V e h i c l e  
3 3 . 3 0  
1 8 . 4 3  
1 0 . 9 6  
6 . 5 0  
3 . 5 1 3  
1 . 5 0  
A : Light Goods Vehicles 
B : Heavy Goods Vehicles 
C : Articulated Goods Vehicles 
Total flow 730 Vehicles/hour 
I 
o 1 I 0' 2 o1 3d 4d Sd 60 7d 80 9d I od 
SPEED OF SLOWER VEHICLE(Kfl/H) 
~ i g u r e  4.10.2-1 Speed of Slower Vehicle/Passenger Car 
Equivalent Relationship. 
T a b l e  4 .10 .2 -12  P a s s e n g e r  C a r  U n i t  ~ q u i v a l e n c e s / S p e e d  
of S l o w e r  V e h i c l e   elations ship ( T o t a l  
F l o w  1 4 0 0  V/H).  
S p e e d  of 
S l o w e r  
V e h i c l e  
( KM/H ) 
2  0  
3  0  
40  
5 0  
6 0  
7 0  
P a s s e n g e r  C a r  U n i t  E q u i v a l e n c e s  
L i g h t  G o o d s  
V e h i c l e  
1 8 . 6 0  
9 . 6 6  
5 . 2 0  
2 . 5 1  
1 . 0 7  
1 . 0 0  
Heavy  Goods  
V e h i c l e  
2 4 . 1 0  
1 3 . 6 0  
7 . 8 2  
3 . 9 0  
1 . 3 0  
1 . 0 0  
A r t i c u l a t e d  
Goods  V e h i c l e  
3 8 . 4 2  
2 1 . 3 6  
1 2 . 0 0  
6 . 6 8  
3 . 8 0  















l o -  
A : Light  Goods Veh ic l e s  
B : Heavy Goods Veh ic l e s  
C : A r t i c u l a t e d  Goods Veh ic l e s  
T o t a l  f low 1400 Vehicles /hour  
d 1 o1 2 o1 3 o1 40 50' 6d 7d 8d ?d 1 0d 
SPEED OF SLOWER VEHICLE(KH/H) 
Figure  4 . 1 0 . 2 - 2  Speed of  Slower Vehicle /Passenger  Car 
Equiva len t  R e l a t i o n s h i p .  
T a b l e  4 - 1  (12-13 P a s s e n g e r  C a r  U n i t  ~ q u i v a l e n c e s / S p e e d  
o f  S l o w e r  V e h i c l e  R e l a t i o n s h i p  ( T o t a l  
F l o w  1 0 7 0  V/H) .  
S p e e d  of 
S l o w e r  
Vehic le  
(KM/H ) 
2  0  
3  0  
4 0  
5 0  
6 0  
7  0  
P a s s e n g e r  C a r  U n i t  E q u i v a l e n c e s  
L i g h t  G o o d s  
V e h i c l e  
1 5 . 7 1  
8 . 1 5  
4 . 4 1  
2 . 1 5  
1 . 0 0  
1 . 0 0  
H e a v y  G o o d s  
V e h i c l e  
2 2 . 3 0  
1 2 . 4 0  
7 . 1 3  
3 . 3 4  
1 . 2 2  
1 . 0 0  
A r t i c u l a t e d  
Goods V e h i c l e  
3 5 . 7 1  
2 4 . 2 0  
1 5 . 3 6  
8 . 4 0  
3 . 8 0  
1 . 5 2  
A : Light Goods Vehicles 
B : Heavy Goods Vehicles 
C : Articulated Goods Vehicles 
Total flow 1070 Vehicles/hour 
Figure 4 .10 .2 -3  Speed of Slower Vehicle/Passenger Car 
Equivalent Relationship. 
T a b l e  4 .10-2-14 P a s s e n g e r  C a r  U n i t  ~ q u i v a l e n c e s / S p e e d  
o f  S l o w e r  V e h i c l e  R e l a t i o n s h i p  ( T o t a l  
F low 1 7 9 0  V/H) . 
S p e e d  o f  
S l o w e r  
V e h i c l e  
( KM/H 
2  0  
3 0  
40 
5 0  
6  0  
7 0  
A 
P a s s e n g e r  C a r  U n i t  E q u i v a l e n c e s  
L i g h t  Goods  
V e h i c l e  
8 . 8 0  
4 . 3 0  
2 . 2 0  
1 . 1 0  
1 . 0 0  
1 . 0 0  
2 .36  
1 . 0 0  
1 . 0 0  1 . 1 6  
Heavy Goods 
V e h i c l e  
1 8 . 0 3  
9 . 3 7  
4.98 
A r t i c u l a t e d  
Goods V e h i c l e  
2 7 . 5 4  
1 5 . 1 5  
9 . 0 1  
A : Light Goods Vehicles 
B : Heavy Goods Vehicles 
C : Articulated Goods Vehicles 
Total flow 1790 Vehicles/hour 
u 
(B) 
o I o1 2d 3d 4d sd 6d 70 ed ?d 100' 
SPEED OF SLOVER VEHICLE(KH/H) 
~ i g u r e  4.10.2-4 Speed of Slower Vehicle/Passenger Car 
Equivalent Relationship. 
p l o t t e d  v e r s u s  t h e i r  c o r r e s p o n d i n g  p a s s e n g e r  c a r  u n i t  e q u i -  
v a l e n t s .  
F i g u r e s  (4 .10 .2-1)  t o  (4 .10 .2-4)  show t h a t  p a s s e n g e r  
c a r  u n i t  e q u i v a l e n t s  i n c r e a s e  a s  t h e  speed  of  s l o w e r  v e h i c l e s  
d e c r e a s e .  T h i s  i n c r e a s e  becomes g r e a t e r  a t  low s p e e d s  b e t -  
ween 30 t o  20 km/h. 
The v a l u e s  o f  p a s s e n g e r  c a r  u n i t  e q u i v a l e n t s  a t  
d i f f e r e n t  l e v e l s  of  f l o w s  show a  s t e a d y  i n c r e a s e  i n  v a l u e  
between f l o w s  of  730 VPH t o  approm.14 .00VP~ per  lane.  The PCU 
v a l u e s  become lower  a t  f l o w s  o v e r  1 , 5 0 0  VPH p e r  l a n e  a s  shown 
i n  f i g u r e  ( 4 . 1 0 . 2 - 4 ) .  T h i s  i s  because  t h e  f l o w  a p p r o a c h e s  
l a n e  c a p a c i t y  which a f f e c t  s p e e d s  and c o n s e q u e n t l y  r e d u c e s  
o v e r t a k i n g  p r o c e d u r e s .  
The p a s s e n g e r  c a r  u n i t  e q u i v a l e n t s  computed i n d i c a t e  
t h e  e f f e c t  o f  v e h i c l e  t y p e s  on t r a f f i c  f l o w  performance  by 
occupying more s p a c e ,  r e d u c i n g  o t h e r  v e h i c l e s '  o p p o r t u n i t i e s  
t o  t r a v e l  a t  h i g h e r  s p e e d s  and r e s t r i c t i n g  o t h e r  v e h i c l e s '  
a b i l i t i e s  t o  o v e r t a k e ,  e s p e c i a l l y  w i t h  h i g h e r  p e r c e n t a g e s  of 
heavy commercial  v e h i c l e s .  
From t h e  r e s u l t s  o f  t h e  a n a l y s i s  of  o v e r t a k i n g  o r  
p a s s i n g  behav iour  t h e  e f f e c t s  of d i f f e r e n t  v e h i c l e  t y p e s  were 
e s t a b l i s h e d  by computing p a s s e n g e r  car u n i t  e q u i v a l e n c i e s .  
A t  t h e  l o t h ,  5 0 t h  and 9 0 t h  speed  p e r c e n t i l e s  f o r  e a c h  v e h i c l e  
t y p e ,  a  p a s s e n g e r  c a r  u n i t  v a l u e  was o b t a i n e d  and r e p r e s e n t e d  
by t a b l e  (4 .10 .2 -15) .  E q u i v a l e n t s  f o r  l i g h t  goods v e h i c l e s  
show lower  v a l u e s  t h a n  t h o s e  of  heavy and a r t i c u l a t e d  goods 
v e h i c l e s ,  v a l u e s  of  3 .10 ,  1 . 0 2 ,  1 .00  were o b t a i n e d  a t  1 0 8 ,  50% 
and 90% of speed  r e s p e c t i v e l y .  For  heavy goods v e h i c l e s  
v a l u e s  of  5.97,  1 . 8 5 ,  1 . 0 0  w e r e  o b t a i n e d  a t  l o % ,  50% and 90% 
of  speed  r e s p e c t i v e l y .  For  a r t i c u l a t e d  goods v e h i c l e s ,  PCU 
v a l u e s  were much h i g h e r ,  r a n g i n g  from 21.58,  1 1 . 1 0  t o  3.34 a t  
l o % ,  5 0 %  and 90% of  s p e e d s  r e s p e c t i v e l y .  The PCU v a l u e s  i n -  
d i c a t e d  t h e  d i f f e r e n c e  i n  v e h i c l e  t y p e  c h a r a c t e r i s t i c s .  
These v e h i c l e s  a r e  more l i k e l y  t o  have s i g n i f i c a n t  e f f e c t s  on 
highway t r a f f i c  f l o w  per fo rmance ,  by r e d u c i n g  t h e  a b i l i t y  of  
o t h e r  v e h i c l e s  t o  t r a v e l  a t  t h e i r  own d e s i r e d  s p e e d s ,  by de- 
c r e a s i n g  o p p o r t u n i t i e s  t o  o v e r t a k e ,  and i n c r e a s i n g  t h e  t i m e  
and d i s t a n c e  of  o v e r t a k i n g  p r o c e d u r e  because  of  t h e i r  e n o r -  
mous l e n g t h .  Thus highway c a p a c i t y  i s  reduced .  
V e h i c l e  t y p e  P e r c e n t i l e  speeds ( k m / h )  
1 0 %  5 0 %  9 0 %  
L i g h t  goods v e h i c l e  S p e e d  4 5 . 6 1  6 1 . 4 0  7 4 . 8 7  
PCU ' s 3 . 1 0  1 . 0 2  1 . 0 0  
H e a v y  g o o d s  v e h i c l e  S p e e d  3 6 . 3 4  5 1 . 4 6  6 9 . 0 2  
PCU ' s 5 . 9 7  1 . 8 5  1 . 0 0  
A r t i c u l a t e d  good S p e e d  2 7 . 3 3  4 2 . 6 6  6 2 . 8 8  
v e h i c l e  PCU ' s 2 1 . 5 8  1 1 . 1 0  3 . 3 4  
T a b l e  4 . 1 0 . 2 -  15 Average speed p a s s e n g e r  car u n i t  e q u i v a l e n t s .  
4.11 - An a n a l y s i s  o f  v e h i c l e  t y p e  e f f e c t  on  hiqhway 
t r a f f i c  parameters  
4.11-1 - E f f e c t  of  v e h i c l e  t y p e  on speed/f low/capaci ty  
r e l a t i o n s h i p s  
Much r e s e a r c h  has  been c a r r i e d  o u t  i n t o  t h e  r e l a -  
t i o n s h i p s  between speed ,  f low and d e n s i t y ,  a t  d i f f e r e n t  
l e v e l s  of t r a f f i c  f low and on v a r i o u s  t y p e s  of highway. 
Comparatively l i t t l e  r e s e a r c h  has  been done wi th  r ega rd  t o  t h e  
e f f e c t  of v e h i c l e  t ype  on speed/flow r e l a t i o n s h i p s ' .  
Th is  s t u d y  i n v e s t i g a t e s  t h e  changes i n  passenger  c a r  
c h a r a c t e r i s t i c s  and o t h e r  v e h i c l e  t y p e s ,  and how t h e s e  changes 
have a f f e c t e d  speed/flow r e l a t i o n s h i p s  on a s e c t i o n  of two- 
l a n e  motorway under f r ee - f low c o n d i t i o n s .  
The d a t a  used t o  i n v e s t i g a t e  v e h i c l e  t ype  e f f e c t  
w e r e  e x t r a c t e d  from f i l m  a n a l y s i s  du r ing  t h e  i n v e s t i g a t i o n  of 
v e h i c l e  type  speed s t u d y .  They w e r e  recorded du r ing  weekday 
morning and a f t e r n o o n  peak p e r i o d s  on a two-lane motorway. 
The d a t a  r e f e r  t o  nea r  s i d e  and f a r  s i d e  l a n e s ,  and each of 
t h e  1 4 0  d a t a  p o i n t s  r e p r e s e n t s  t h e  mean speed of t r a f f i c  f low 
over  1 0  minutes p e r i o d s .  Speed ranges  from 35  t o  1 2 0  km/h. 
I n  each set of o b s e r v a t i o n s ,  percen tages  of heavy commercial 
v e h i c l e s  were noted a t  d i f f e r e n t  t r a f f i c  volumes. Both 
heavy and a r t i c u l a t e d  goods v e h i c l e s  were combined t o g e t h e r  
F i g u r e  4 . 1 1 . 1 - 1  Observed  a v e r a g e  highway s p e e d  v e r s u s  
one  l a n e  f l o w  ( n e a r - s i d e  l a n e )  w i t h  
15 t o  19%heavy  commerc ia l  v e h i c l e s .  
F i g u r e 4 . 1 1 . 1 - 2  Obse rved  a v e r a g e  highway s p e e d  v e r s u s  
o n e  l a n e  f l o w  ( n e a r - s i d e  l a n e )  w i t h  
20 t o  28&heavy  commerc i a l  v e h i c l e s .  
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F i g u r e 4 . 1 1 . 1 - 3  Observed  a v e r a g e  highway speed  v e r s u s  
o n e  l a n e  f l o w  ( n e a r - s i d e  l a n e )  w i t h 3 0  t o  
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F i g u r e  4 . 1 1 . 1 - 4  Observed a v e r a g e  highway speed v e r s u s  
one l a n e  f l o w  ( f a r - s i d e  l a n e  1 w i t h  
5 t o  9%heavy commercial  v e h i c l e s .  
F i g u r e  4.11.1-5 Observed a v e r a g e  highway speed v e r s u s  
one l a n e  f l o w  ( f a r - s i d e  l a n e )  w i t h 1 0  t o  
1 2 %  heavy commercial  v e h i c l e s .  
F i g u r e  4 .11.1-6  O b s e r v e d  average highway s p e e d  v e r s u s  
o n e  l a n e  f l o w  ( f a r - s i d e  l a n e )  w i t h 1 2  t o  
1 6 %  heavy c o m m e r c i a l  v e h i c l e s .  
The r e l a t i o n s h i p  of a v e r a g e  r u n n i n g  s p e e d s  t o  
obse rved  f l o w s  a t  v a r i o u s  p e r c e n t a g e s  o f  heavy commercial  
v e h i c l e s  f o r  two- lane  motorway a r e  p r e s e n t e d  by p l o t t i n g  
t h e  d a t a  o b t a i n e d  from t h e  a n a l y s i s .  Observed f l o w s  a r e  
p l o t t e d  v e r s u s  a v e r a g e  r u n n i n g  speed a s  shown i n  f i g u r e s  
( 4 . 1 1 . 1 - 1 )  t o  ( 4 . 1  . 1 - 6 ) .  F i g u r e s  ( 4 . 1 1 . 1 - 1 1 ,  (4 .11 .1 -2 )  
and (4 .11 .1 -3 )  show t h e  v a r i a t i o n  i n  s p e e d s  w i t h  t h e  i n -  
c r e a s e  of t r a f f i c  f l o w  on t h e  n e a r  s i d e  l a n e .  F i g u r e s  
4 . 1 1 1 - 4 )  (4 .11 .1-5)  and  (4 .11 .1 -6 )  show t h e  v a r i a t i o n  
i n ' s p e e d s  w i t h  t h e  i n c r e a s e  of  t r a f f i c  f l o w  on t h e  f a r  s i d e  
l a n e .  
D e s p i t e  t h e  c o n s i d e r a b l e  s c a t t e r  of  t h e  d a t a  
p l o t t e d  i n  t h e  above ment ioned f i g u r e s ,  t h e  scat ter  p o i n t s  
do show t h e  e x p e c t e d  f a l l - o f f  i n  a v e r a g e  t r a f f i c  f l o w  s p e e d s  
w i t h  t h e  i n c r e a s e  i n  t r a f f i c  volumes p e r  l a n e  o f  t r a v e l .  
Speed/f low r e l a t i o n s h i p  f o r  t h e  n e a r  s i d e  l a n e  
i l l u s t r a t e d  i n  f i g u r e s  ( 4 . 1 1 . 1 - 1 )  t o  (4 .11 .1-3)  show lower  
speed v a l u e s  and d e c r e a s e  o f  speed  w i t h  t h e  i n c r e a s e  o f  
f l o w s  even a t  a  low l e v e l  o f  t r a f f i c  volume where s p e e d s  
f a l l  s h a r p l y  a t  a round 1 , 1 0 0  vph, 950 vph and 700 vph. 
T h i s  i s  main ly  due t o  h i g h  p e r c e n t a g e s  of  l i g h t ,  heavy and 
a r t i c u l a t e d  goods v e h i c l e s .  These t y p e s  o f  v e h i c l e  occupy 
t h e  n e a r  s i d e  l a n e  where t h e y  normal ly  t r a v e l  a t  a  lower  
speed t h a n  p a s s e n g e r  c a r s .  T h i s  a l s o  e f f e c t s  t h e  maximum 
i n  one ca t ego ry  a s  heavy commercial v e h i c l e s  t o  i n v e s t i g a t e  
t h e i r  e f f e c t s  on t h e  speed/f low r e l a t i o n s h i p .  Because t h e  
purpose of t h i s  a n a l y s i s  i s  t o  i d e n t i f y  t h e  b a s i c  e f f e c t s  
of v e h i c l e  t y p e s ,  o n l y  d a t a  r e p r e s e n t i n g  i d e a l  c o n d i t i o n s  
were cons ide red  ( i . e .  no i n c i d e n t s ,  a c c i d e n t s  o r  adve r se  
weather . 
T r a f f i c  on t h e  M621 Motorway i s  heavy d u r i n g  peak 
p e r i o d s ,  morning between 7.30 and 9.30 a.m., and a f t e r n o o n  
between 4.00 and 6.00 p.m. Vehic le  t ype  average  pe rcen tages  
du r ing  o b s e r v a t i o n s  ove r  a  pe r iod  of t h r e e  months a r e  a s  
fo l lows  ; 
f o r  nea r  s i d e  l a n e  
heavy commercial v e h i c l e s  
l i g h t  goods v e h i c l e s  
c a r s  
f o r  f a r  s i d e  l a n e  
heavy commercial v e h i c l e s  
l i g h t  goods v e h i c l e s  
c a r s  
The d a t a  was mainta ined and ana lysed  on a  lane-by-lane b a s i s  
because t h e r e  were c o n s i d e r a b l e  d i f f e r e n c e s  i n  v e h i c l e  t ype  
percen tages  p e r  l a n e  of t r a v e l .  
t r a f f i c  volume t h a t  c a n  p a s s  p e r  hour  which r e s u l t s  i n  
r educed  l a n e  c a p a c i t y  compared w i t h  t h e  Highway C a p a c i t y  
Manua l ( l031 ,  o f  2 ,000 v e h i c l e s  p e r  h o u r  p e r  l a n e .  The 
r e d u c t i o n  i n  l a n e  c a p a c i t y  i s  h i g h e r  a s  t h e  p e r c e n t a g e  o f  
heavy commercial  v e h i c l e s  i n c r e a s e .  
F i g u r e  ( 4 . 1 1 . 1 - 1 )  shows t h e  f a l l - o f f  i s  s p e e d s  
a t  a round 1 ,100  v p h p l  w i t h  1 5  t o  19  p e r  c e n t  of  heavy com- 
mercial v e h i c l e s .  F i g u r e s  (4 .11 .1 -2 )  and (4 .11 .1-3)  show 
t h e  f a l l - o f f  i n  s p e e d s  a t  a round 950 vphp l  w i t h  20 t o  26 
p e r  c e n t  o f  heavy commercial  v e h i c l e s  a t  a round 700 v p h p l  
w i t h  30 t o  35 p e r  c e n t  o f  heavy commercial  v e h i c l e s  r e s p e c -  
t i v e l y .  The f a r  s i d e  l a n e  speed / f low r e l a t i o n s h i p  shows a  
d i f f e r e n t  p i c t u r e  t h a n  t h a t  o f  t h e  n e a r  s i d e  l a n e .  F i g u r e s  
( 4 . 1 1 . 1 - 4 ) ,  (4 .11 .1 -5 )  and (4 .11 .1 -6 )  show a  f a l l - o f f  i n  
t r a f f i c  s t r e a m  s p e e d s  a t  a round  1 , 3 5 0 ,  1 , 2 0 0  and 1 , 1 0 0  v p h p l  
w i t h  6  t o  9 ,  1 0  t o  12  and  1 2  t o  1 6  p e r  c e n t  of heavy commer- 
c i a l  v e h i c l e s  r e s p e c t i v e l y .  T h i s  c l e a r l y  i n d i c a t e s  t h a t  
w i t h  lower  p e r c e n t a g e s  o f  heavy commercial  v e h i c l e s  i n  t h e  
t r a f f i c  s t r e a m ,  h i g h e r  v a l u e s  o f  s p e e d s  c a n  be m a i n t a i n e d  and 
c o n s e q u e n t l y  h i g h e r  t r a f f i c  volumes can  be accommodated p e r  
l a n e  p e r  hour  which w i l l  r e s u l t  i n  t h e  i n c r e a s e  i n  c a p a c i t y  
of  t h e  roadway. 
A speed/ f low c u r v e  c a n  be f i t t e d  t o  t h e  d a t a  by 
e y e ,  showing t h e  t y p i c a l  p a r a b o l i c  c u r v e  t h a t  was f i r s t  
i n t r o d u c e d  by t h e  Highway C a p a c i t y  Manual ( 1 0 3 ) .  T h i s  c u r v e  
e x p l a i n s  t h e  r e l a t i o n s h i p  between v e h i c u l a r  a v e r a g e  s p e e d s  
and t h e  f l o w  accommodated by highways.  V e h i c l e  t y p e  e f f e c t s  
on speed/ f low r e l a t i o n s h i p  v a r y  w i t h  t o t a l  t r a f f i c  composi- 
t i o n  and l o c a t i o n  of v e h i c l e  t y p e  i n  l a n e  of  t r a v e l .  Also  
v e h i c l e  t y p e  h a s  s i g n i f i c a n t  e f f e c t s  on speed / f low r e l a t i o n -  
s h i p  on roadways w i t h  g r a d i e n t s  where heavy v e h i c l e s  t r a v e l  
a t  much lower s p e e d s  t h a n  on a  l e v e l  roadway. 
4.11.2 - Overtaking procedure and vehic le  type e f f e c t  
O v e r t a k i n g  and p a s s i n g  manoeuvres a r e  c a r r i e d  o u t  
by d r i v e r s  i n  o r d e r  t o  m a i n t a i n  pace  and t h e y  a r e  r e q u i r e d  
t o  make complex d e c i s i o n s  r e g a r d i n g  roadway, e n v i r o n m e n t a l  
and v e h i c u l a r  c h a r a c t e r i s t i c s .  P a s s i n g  and o v e r t a k i n g  op- 
p o r t u n i t i e s  a r e  s e v e r e l y  a f f e c t e d  by s low moving heavy com- 
m e r c i a l  v e h i c l e s  on two and t h r e e - l a n e  motorways, which have 
a  s i g n i f i c a n t  e f f e c t  on a v e r a g e  r u n n i n g  s p e e d s  o f  t o t a l  t r a f -  
f i c  f l o w  and c o n s e q u e n t l y  on t h e  c a p a c i t y  o f  r o a d s .  
The phenomenon o f  p a s s i n g  and o v e r t a k i n g  has been 
i n v e s t i g a t e d  t o  s t u d y  t h e  e f f e c t  o f  l a r g e  v e h i c l e s  on  t r a f f i c  
speed-f low r e l a t i o n s h i p s  and i t s  i m p l i c a t i o n s  f o r  c a p a c i t y .  
P a s s i n g  and o v e r t a k i n g  p r o c e d u r e  w a s  found t o  be 
based on t h e  f o l l o w i n g :  
(1) speed  of  t h e  l e a d  v e h i c l e  ( v e h i c l e  t o  be o v e r t a k e n ) ,  
( 2 )  c h a r a c t e r i s t i c s  ( c a p a b i l i t i e s )  of  t h e  o v e r t a k i n g  ve- 
h i c l e ,  
( 3 )  t h e  t i m e  o r  d i s t a n c e  r e q u i r e d  t o  pe r fo rm t h e  manoeuvre, 
( 4 )  d r i v e r ' s  e s t i m a t e  and d e c i s i o n ,  
( 5 )  s i z e  ( l e n g t h  and w i d t h )  o f  t h e  o v e r t a k e n  v e h i c l e ,  
( 6 )  g r a d i e n t ,  
(7) p e r c e n t a g e s  of heavy commercial  v e h i c l e s ,  
( 8 )  s i g h t  d i s t a n c e .  
Large s i z e  commercia l  v e h i c l e s  have a n  i n c r e a s e d  
e f f e c t  on o t h e r  m o t o r i s t s '  d r i v i n g  c o n d i t i o n s  r e s u l t i n g  i n  
b lockage  o f  r o a d  s i g n s  and i n a b i l i t y  t o  s e e  fo rward  which 
f o r c e s  t h e  d r i v e r s  o f  s m a l l  v e h i c l e s  t o  r e d u c e  t h e i r  speed  
and a b i l i t y  t o  o v e r t a k e .  O f t e n  t h e  d r i v e r s  o f  small c a r s  
f i n d  t h e  view of  t h e  r o a d  ahead  i s  sudden ly  o b l i t e r a t e d  by 
a n  a r t i c u l a t e d  goods v e h i c l e  p u l l i g n  i n t o  t h e  l a n e  i n  f r o n t  
of them, a n o t h e r  one  t r a v e l l i n g  behind w h i l e  a  t h i r d  i s  
p a s s i n g  and o v e r t a k i n g .  T h i s  c a u s e s  c o n f u s i o n ,  t h e  m i s s i n g  
o f  i m p o r t a n t  d i r e c t i o n a l  o r  a d v i s o r y  s i g n s  and e x i t s ,  and 
a  r e d u c t i o n  i n  s p e e d .  Another  i m p o r t a n t  e f f e c t  of  heavy 
commercial v e h i c l e s  on t h e  d r i v e r s  of  s m a l l e r  c a r s  i s  c u t t i n g  
i n ,  when t h e  d r i v e r  o f  a  heavy commercial  v e h i c l e  d e c i d e s  t o  
change l a n e  a f t e r  o v e r t a k i n g  a  s m a l l  o r  l a r g e  v e h i c l e ,  where 
i n  some c a s e s  wrong e s t i m a t e s  o f  when t o  c u t - i n  a r e  made due 
t o  t h e  enormous l e n g t h  o f  t h e i r  v e h i c l e s  (12  - 15.40m).  
Such behav iour  r e s u l t s  i n  t h e  r e d u c t i o n  of  speed  of o v e r t a k e n  
v e h i c l e s .  These s i t u a t i o n  a r e  w e l l  e x p l a i n e d  i n  f i g u r e s  
(4 .11 .2-1)  t o  ( 4 . 1 1 . 2 - 3 ) .  
Behaviour of  i n d i v i d u a l  v e h i c l e  t y p e s ,  d i s t a n c e  
and t i m e  r e q u i r e d  w h i l e  o v e r t a k i n g  have been i n v e s t i g a t e d  a s  
t h e y  a r e  a n  i m p o r t a n t  t r a f f i c  c r i t e r i o n  a f f e c t i n g  t r a f f i c  
f l o w ,  speed  and r o a d  c a p a c i t y .  Numbers of  o v e r t a k i n g s  and 
t h e  d i s t a n c e  r e q u i r e d  by e a c h  v e h i c l e  t y p e  t o  o v e r t a k e  o t h e r  
v e h i c l e s  have been r e c o r d e d .  
F i g u r e  4.11.2-1 H o r i z o n t a l  s i g h t  l i n e  - p a s s i n g  mode. 
I 
F i g u r e  4.11.2-2 V e r t i c a l  s i g h t  l i n e  - p a s s i n g  mode. 
I 
3 om 0  
F i g u r e  4.11.2-3 V e r t i c a l  s i g h t  l i n e  - f o l l o w i n g  mode. 
T a b l e s  (4 .11 .2-1)  t o  (4 .11 .2 -4 )  show v a l u e s  re- 
corded  f o r  p a s s e n g e r  c a r s ,  l i g h t  goods v e h i c l e s ,  heavy goods 
v e h i c l e s  and a r t i c u l a t e d  goods v e h i c l e s  r e s p e c t i v e l y .  Also  
s p e e d s  of o v e r t a k i n g  v e h i c l e s  and o v e r t a k e n  v e h i c l e s  were 
n o t e d .  Numbers o f  o b s e r v e d  o v e r t a k i n g s  were p l o t t e d  a g a i n s t  
d i s t a n c e s  r e q u i r e d  f o r  o v e r t a k i n g  and a r e  shown i n  f i g u r e s  
(4 .11 .2 -4 )  t o  ( 4 . 1 1 . 2 - 7 ) .  Also  s p e e d s  of  o v e r t a k i n g  f o r  
d i f f e r e n t  v e h i c l e  t y p e s  were p l o t t e d  v e r s u s  d i s t a n c e  o f  o v e r -  
t a k i n g  a s  shown i n  f i g u r e  ( 4 . 1 1 . 2 - 8 ) .  T h i s  f i g u r e  shows 
t h a t  t h e  d i s t a n c e  r e q u i r e d  f o r  o v e r t a k i n g  i n c r e a s e s  a s  t h e  
v e h i c l e  s i z e  i n c r e a s e s  and d e c r e a s e s  when t h e  speed of  o v e r -  
t a k i n g  v e h i c l e  i n c r e a s e d .  Also  it w a s  no ted  t h a t  t h e  d i s -  
t a n c e  of  o v e r t a k i n g s  i n c r e a s e  s h a r p l y  when t h e  speed  o f  ve- 
h i c l e  t o  be o v e r t a k e n  exceeds 40 kmlh. The d a t a  o b t a i n e d  from 
t h e  r e l a t i o n s h i p  of  t h e  d i s t a n c e  r e q u i r e d  f o r  p a s s e n g e r  c a r s  
t o  o v e r t a k e  o t h e r  v e h i c l e s  t r a v e l l i n g  a t  d i f f e r e n t  s p e e d s  
are shown i n  f i g u r e  ( 4 . 1 1 . 2 - 9 ) .  
V e h i c l e  t y p e s  v a r y  i n  t h e i r  a b i l i t y  w h i l e  p e r -  
forming o v e r t a k i n g  p r o c e d u r e s  i n  t e r m s  of  t h e  d i s t a n c e  and 
t i m e  t h e y  r e q u i r e  a t  d i f f e r e n t  s p e e d s .  For  example a  pas-  
s e n g e r  c a r  t r a v e l l i n g  a t  a n  a v e r a g e  speed o f  9 0  km/h re- 
q u i r e s  a n  a v e r a g e  d i s t a n c e  of  75m t o  o v e r t a k e .  T h e r e f o r e ,  
t h e  t i m e  t a k e n  by a  p a s s e n g e r  c a r  t o  o v e r t a k e  i s 7  seconds  
which means t h a t  t h e  l a n e  occupancy by a  c a r  w h i l e  o v e r -  
T a b l e  4 .12 .2 -1  Observed n u m b e r  of p a s s e n g e r  cars o v e r t a k i n g  
s l o w  m o v i n g  v e h i c l e s .  
P a s s i n g  d i s t a n c e  
C l a s s  
( m )  
5 0  - 6 9 . 9  
7 0 -  9 9 . 9  
1 0 0  - 1 1 9 . 9  
1 2 0  - 1 3 9 . 9  
1 4 0  - 1 5 9 . 9  
Observed N o .  
of o v e r t a k i n g  
2  
6 
1 0  
1 2  
4  
- 
T a b l e  4.12.2-2 O b s e r v e d  n u m b e r  of l i g h t  g o o d s  v e h i c l e s  
o v e r t a k i n g  s l o w  m o v i n g  v e h i c l e s .  
- 
P a s s i n g  d i s t a n c e  
C l a s s  
( m )  
1 2 0  - 1 3 9 . 9  
1 4 0  - 1 5 9 . 9  
1 6 0  - 1 7 9 . 9  
1 8 0  - 1 9 9 . 9  
O b s e r v e d  N o .  
of o v e r t a k i n g  
6 
8  
1 4  
1 0  
T a b l e  4 .12 .2-3  O b s e r v e d  number  o f  h e a v y  g o o d s  v e h i c l e s  
o v e r t a k i n g  s l o w  m o v i n g  v e h i c l e s .  
- 
P a s s i n g  d i s t a n c e  
C l a s s  
(m) 
1 4 0  - 1 5 9 . 9  
1 6 0  - 1 9 9 . 9  
1 7 0  - 1 9 9 . 9  
2 0 0  - 219 .9  
O b s e r v e d  N o .  
of o v e r t a k i n g  
4 
8  
1 2  
1 0  
T a b l e  4.12.2-4 O b s e r v e d  number  o f  a r t i c u l a t e d  g o o d s  
v e h i c l e s  o v e r t a k i n g  slow m o v i n g  v e h i c l e s .  
- 
P a s s i n g  d i s t a n c e  
C l a s s  
(m)  
1 6 0  - 1 7 9 . 9  
1 8 0  - 1 9 9 . 9  
2 0 0  - 2 1 9 . 9  
220  - 239 .9  
2 4 0  - 259 .9  
O b s e r v e d  N o .  
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Over tak ing  d i s t ance (m1 
F i g u r e  4.12.2-4 D i s t a n c e s  of passenger  c a r s  o v e r t a k i n g  
s low moving v e h i c l e s .  
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F i g u r e  4.12.2-5 D i s t a n c e s  of l i g h t  goods v e h i c l e s  o v e r t a k i n g  
slow moving v e h i c l e s .  
LIGHT GOODS 
VEHICLE 
60 8'0 200 . 120 . 140 160 180 230 
HEAVY GOODS 
VEHICLE 
O v e r t a k i n g  d i s t a n c e ( m 1  
F i g u r e  4.12.2-6 D i s t a n c e s  o f  heavy goods v e h i c l e s  o v e r t a k i n g  
s low moving v e h i c l e s .  
I ARTICULATED 
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F i g u r e  4.12.2-7 D i s t a n c e s  of  a r t i c u l a t e d  vehicles o v e r t a k i n g  
s l o w  moving v e h i c l e s .  
GOODS VEHICLE 
r 
1 2 0  1 4 0  1 6 0  1 8 0  2b0  2!20 ' ' 2'40 260 
0 20 4 0  60 . 8 0  1 0 0  1 2 0  1 4 0  
Speeds  o f  o v e r t a k i n g  vehicles(KM/H) 
F i g u r e  4.1i.2- 8 O v e r t a k i n g  and  p a s s i n g  d i s t a n c e s  f o r  
d i f f e r e n t  v e h i c l e  t y p e s .  
Speeds of over tak ing  vehicles(KM/H) 
Figure 4.11.2-9 Overtaking and p a s s i n g  d i s t a n c e s  by c a r s  
a t  speed of overtaken v e h i c l e .  
t a k i n g  i s  seconds .  A heavy goods v e h i c l e  t r a v e l l i n g  a t  
a n  a v e r a g e  s p e e d  of  90 km/h r e q u i r e s  a n  a v e r a g e  d i s t a n c e  
of 145m t o  o v e r t a k e .  T h e r e f o r e ,  t h e  t i m e  t a k e n  by a  heavy 
goods v e h i c l e  t o  o v e r t a k e  i s  5.80 seconds  which means t h a t  
i t s  l a n e  occupancy i s  5.80 s e c o n d s .  T h i s  i n d i c a t e s  t h a t  
- 
a  p a s s e n g e r  c a r  w i l l  e x p e r i e n c e  a d e l a y  of  2 . 8 0  s e c o n d s  when 
d e c i d i n g  t o  o v e r t a k e  w h i l e  t h e  o v e r t a k i n g  l a n e  i s  o c c u p i e d  
by a  heavy goods v e h i c l e .  S i m i l a r l y  a n  a r t i c u l a t e d  goods 
- 
v e h i c l e  w i l l  r e q u i r e  6 .40  s e c o n d s  t o  o v e r t a k e  w h i l e  t r a v e l -  
l i n g  a t  90 km/h, which i n d i c a t e s  t h a t  a  p a s s e n g e r  c a r  d r i v e r  
w i l l  e x p e r i e n c e  a  l o n g e r  d e l a y  o f  3.40 secs. b e f o r e  o v e r -  
t a k i n g  when a n  a r t i c u l a t e d  goods  v e h i c l e  i s  occupy ing  t h e  
o v e r t a k i n g  l a n e .  
On two- lane  motorways a  h i g h e r  number o f  heavy and 
a r t i c u l a t e d  goods v e h i c l e s  occupy t h e  f a r  s i d e  l a n e  t o  over -  
t a k e  o t h e r  v e h i c l e s  t r a v e l l i n g  on t h e  n e a r  s i d e  l a n e .  T h i s  
r e s u l t s  i n  r e t a r d e d  main tenance  of  t h e  d e s i r e d  speed  o f  
s m a l l e r  and f a s t e r  v e h i c l e s  and  i n c r e a s e s  t h e  t o t a l  t i m e  of  
a  journey.  A t  h i g h e r  p e r c e n t a g e s  o f  heavy and a r t i c u l a t e d  
goods v e h i c l e s  i n  t h e  t o t a l  f l o w ,  a n  i n c r e a s e  of  o v e r t a k i n g  
l a n e s  occupancy by heavy goods v e h i c l e s  was o b s e r v e d .  T h i s  
a f f e c t s  a v e r a g e  s p e e d s  and  c o n s e q u e n t l y  r e d u c e s  t h e  t o t a l  S t 
f low t h a t  c a n  be accommodated by e a c h  l a n e  p e r  h o u r .  T h i s  
means a  r e d u c t i o n  i n  t h e  t o t a l  c a p a c i t y  p e r  l a n e  and a  lower  
s e r v i c e  l e v e l  a s  a r e s u l t  of  t h e  p r e s e n c e  o f  heavy and 
a r t i c u l a t e d  goods v e h i c l e s .  
I 
" /'--- A comparison between d i f f e r e n t  t y p e s  of v e h i c l e s  
i s  g iven  i n  f i g u r e s  (4.12.2-10) t o  (4.12.2-181, which shows 
( t h e  t ime r e q u i r e d  by i n d i v i d u a l  v e h i c l e  t ypes  t o  o v e r t a k e  a t  
\ 
' t h e  same average speed of t r a v e l .  A t  lower speeds ,  t h e  d i f -  
--_ \ _ _ _ - - - -  - - - - - - . A 
f e r e n c e  i n  t i m e  r e q u i r e d  t o  ove r t ake  between passenger  c a r s  
and a r t i c u l a t e d  goods v e h i c l e  becomes s i g n i f i c a n t ,  which re- 
f l e c t s  t h e  e f f e c t  of h e a v i e r  v e h i c l e s  on t r a f f i c  f low p e r f o r -  
mance. 
The r e c e n t  i n c r e a s e  i n  l onge r  and wider  heavy goods 
v e h i c l e s  has  l e d  t o  s e r i o u s  o p e r a t i o n a l  problems. The 
l i m i t e d  a b i l i t y  of t h e s e  l a r g e  v e h i c l e s  t o  ma in t a in  speed 
e s p e c i a l l y  on long g rades  causes  fo l lowing  m o t o r i s t s  t o  i n i -  
t i a t e  pas s ing  manoeuvres, o f t e n  i n  hazardous s i t u a t i o n s .  
Also,  l a r g e  v e h i c l e s  f r e q u e n t l y  r e s t r i c t  ove r t ak ing  opportu-  
n i t i e s  and make t h e s e  manoeuvres d i f f i c u l t  and hazardous.  
These  o p e r a t i o n a l  problems man i f e s t  themselves  i n  reduced 
l e v e l s  of s e r v i c e ,  d e l a y  and i n c r e a s e d  ove r t ak ing  a t t e m p t s ,  
a s  w e l l  as i n  a b o r t e d  p a s s e s  and g r e a t e r  d r i v e r  f r u s t r a t i o n .  
These d e l a y s  a r e  sma l l  and have on ly  a  marginal  e f f e c t  on 
average  speed a t  low pe rcen tages  of heavy commercial v e h i c l e s ,  
bu t  t h e  d e l a y  e f f e c t s  i n c r e a s e  wi th  t h e  i n c r e a s e  i n  heavy 
commercial v e h i c l e  percen tage .  Average d e l a y s  i n c r e a s e  
d r a m a t i c a l l y  where p a s s i n g  and ove r t ak ing  i s  r e s t r i c t e d  by 
l a r g e  numbers of s lower  moving v e h i c l e s  occupying t h e  f a r  s i d e  
l a n e .  
CAR LGV HGV AGV CAR LGV HGV AGV 
T y p e  of v e h i c l e  T y p e  of v e h i c l e  
F i g u r e  4 . 1 1 . 2 - 1 0  F i g u r e  4 . 1 1 . 2 - 1 1  
CAR LGV HGV AGV 
T y p e  of v e h i c l e  
F i g u r e  4 . 1 1 . 2 - 1 2  
CAR LGV HGV AGV 
T y p e  of v e h i c l e  

O v e r t a k i n g  c r i t e r i a  f o r  a  two-lane motorway showed 
t h a t  t h e  a v e r a g e  t i m e  r e q u i r e d  f o r  p a s s e n g e r  c a r s  t r a v e l l i n g  
a t  a n  a v e r a g e  s p e e d  o f  9 0  km/h ( 5 6  m/h) t o  o v e r t a k e  o t h e r  
t y p e s  o f  v e h i c l e s  t r a v e l l i n g  a t  a n  a v e r a g e  s p e e d  of 40 km/h 
( 2 5  m/h) i s  9 s e c o n d s ,  w h i l e  t h e  a v e r a g e  t i m e  r e q u i r e d  f o r  
l i g h t ,  heavy  and  a r t i c u l a t e d  goods  v e h i c l e s  t o  o v e r t a k e  o t h e r  
v e h i c l e s  t r a v e l l i n g  a t  40.km/h ( 2 5  m/h) i s  1 7 . 8  seconds .  
A l s o  t h e  t i m e  and  d i s t a n c e  r e q u i r e d  t o  o v e r t a k e  i n c r e a s e  a s  
t h e  o v e r t a k e n  v e h i c l e  ' s l e n g t h  and  s p e e d  i n c r e a s e .  
The v a r i a t i o n s  i n  t i m e  and  d i s t a n c e  r e q u i r e d  f o r  
v e h i c l e s  t o  o v e r t a k e  a r e  d u e  t o  t h e i r  s izes  and  manoeuvring 
pe r fo rmances  ( a c c e l e r a t i n g  and  d e c e l e r a t i n g  c a p a b i l i t i e s ) .  
Speed f l o w  r e l a t i o n s h i p  r e s u l t s  showed t h e  e f f e c t  
o f  t h e  p e r c e n t a g e s  o f  heavy  v e h i c l e s  i n  t h e  t o t a l  f l o w  on 
s p e e d  and  l a n e  c a p a c i t y .  Lane c a p a c i t y  i s  r educed  a s  t h e  
p e r c e n t a g e s  o f  heavy  commerc ia l  v e h i c l e s  i n c r e a s e .  A l s o  
h i g h e r  s p e e d s  are m a i n t a i n e d  when l o w  p e r c e n t a g e s  o f  heavy 
commerc ia l  v e h i c l e s  a r e  p r e s e n t  i n  t h e  t r a f f i c  f l ow.  T h i s  
c l e a r l y  i n d i c a t e s  t h a t  a t  l ower  p e r c e n t a g e s  o f  heavy commer- 
c i a l  v e h i c l e s  i n  t h e  t r a f f i c  stream, h i g h e r  v a l u e s  o f  s p e e d s  
c a n  be m a i n t a i n e d  and  c o n s e q u e n t l y  h i g h e r  t r a f f i c  v a l u e s  
c a n  be accommodated p e r  l a n e / h o u r  which w i l l  r e s u l t  i n  t h e  
i n c r e a s e  i n  t h e  c a p a c i t y  o f  t h e  roadway. 
Effects of Vehicle Type and 
Traffic Growth on Traffic 
Performance in Saudi Arabia 
CHAPTER FIVE 
E f f e c t s  of v e h i c l e  t y p e  and t r a f f i c  g rowth  on t r a f f i c  
pe r fo rmance  i n  S a u d i  A r a b i a  
5.1 - I n t r o d u c t i o n  
I n  t h e  e a r l y  s e v e n t i e s  o i l  r evenue  began t o  grow 
and S a u d i  Arab ia  became one  o f  t h e  r i c h e s t  s t a t e s  i n  t h e  
Middle E a s t .  T h e r e f o r e ,  t h e  government  i n i t i a t e d  t h e  i m -  
p l e m e n t a t i o n  of  a m b i t i o u s  f i v e - y e a r  development  p l a n s  i n  
which t h e  o b j e c t i v e  was t o  change t h e  c o u n t r y  from a  p r e -  
i n d u s t r i a l  s o c i e t y  t o  a modern i n d u s t r i a l i z e d  c o u n t r y .  
T h i s  r a p i d  development  e x e r t s  p r e s s u r e  on a l l  p u b l i c  u t i l i -  
t i es  and f a c i l i t i e s  i n c l u d i n g  t h e  t r a n s p o r t a t i o n  sys tem,  
e s p e c i a l l y  i n  ur'ban a r e a s .  A s  one component of  t h e  deve lop-  
ment p l a n s ,  t h e  government i s  t r y i n g  t o  improve t h e  t r a n s -  
p o r t a t i o n  sys tem i n  t h e  c o u n t r y  a s  a  whole,  and i n  major  
c i t ies  such  a s  J e d d a h ,  Riyadh,  Dammam, Makka and Al-Medina. 
A s  a r e s u l t  of  t h i s  sudden e x p a n s i o n  i n  t h e  
c o u n t r y ' s  development  p l a n s ,  many d i f f i c u l t i e s  have had t o  
be overcome. I t  h a s  been n e c e s s a r y  t o  d e s i g n  and c o n s t r u c t  
major  highways between i m p o r t a n t  c i t i e s  and i n d u s t r i a l  a r e a s ,  
on t h e  one hand,  and t o  t r y  t o  s o l v e  u rban  t r a f f i c  problems 
on t h e  o t h e r .  
Pe t ro leum i s  t o  Saud i  Arab ia  much of what t h e  
au tomobi le  i n d u s t r y  h a s  been t o  t h e  U n i t e d  S t a t e s  and 
Europe. A s  t h e  au tomobi le  i s  a  l e a d i n g  segment of  t h e  
North American and European economy and a s  i t s  p r o d u c t s  and 
f i n a n c e s  have shaped t h e i r  s o c i e t y ,  s o  h a s  pe t ro leum e x t r a c -  
t i o n  p l a y e d  a  s i m i l a r  a l t h o u g h  l a r g e r  r o l e  i n  S a u d i  A r a b i a .  
O i l ,  l i k e  t h e  car,  i s  t h e  i n s t r u m e n t  o f  change,  
b u t  it i s  n o t  t h e  change i t s e l f .  A s  c a r s  wrought  s u c h  
new s o c i a l  development  as t h e  d i s p e r s i o n  o f  c i t i e s ,  t h e  
growth of  s u b u r b s  and t h e  c r e a t i o n  of  a n  immense r o a d  sys tem,  
o i l  h a s  wrenched most of S a u d i  Arab ia  o u t  of  a nomadic o r  
v i l l a g e  l i f e .  Now it i s  f i n a n c i n g  t h e  metamorphosis  o f  t h e  
c o u n t r y  i n t o  a t w e n t y - f i r s t  c e n t u r y  s t a t e ,  i f  n o t  n e c e s s a r i l y  
i n  t h e  w e s t e r n  s t y l e  ( 1 1 9 ) .  
C o n s t r u c t i o n  h a s  o c c u r r e d  i n  e v e r y  c i t y ,  making 
f a m i l i a r  ne ighbourhoods  u n r e c o g n i z a b l e  i n  s i x  months. En- 
t i r e  new c i t i e s  were b u i l t  i n  1977,  on what h i s t o r i c a l l y  
were oceans  of  v a c a n t  s a n d ,  s u c h  a s  t h e  c i t y  o f  A l - J u b a i l  
on t h e  Arab ian  Gulf  i n  t h e  E a s t e r n  P r o v i n c e  a n d  t h e  c i t y  o f  
Yanbu on  t h e  R e d  Sea i n  t h e  Western  P r o v i n c e ,  w h i l e  o l d e r  
u rban  c e n t r e s  are becoming h i g h - r i s e  c i t i e s ,  expand ing  sky- 
ward a l m o s t  a s  r a p i d l y  a s  ou tward .  The scale o f  b u i l d i n g  
and e x p a n s i o n  i n  r o a d  networks  t h r o u g h o u t  S a u d i  Arab ia  h a s  
been s o  g r e a t  t h a t  t h e  g i a n t  c o n s t r u c t i o n  c r a n e  i s  o n l y  
ha l f -humorously  r e f e r r e d  t o  a s  t h e  n a t i o n a l  b i rd  of t h e  
Kingdom ( 1 1 9 ) .  
T h i s  s u r g e  o f  c o n s t r u c t i o n  h a s  produced t r a f f i c  
c o n g e s t e d  c e n t r a l  c i t y  a r e a s  f e d  by h e a v i l y  c o n g e s t e d ,  f re-  
q u e n t l y  p a r a l y s e d  a r t e r i a l  r o a d s  which a r e  su r rounded  by 
s p r a w l i n g ,  ha l f -empty  s u b u r b s .  The momentum o f  urban 
growth p r o p e l s  c i t i e s  o u t w a r d ,  w i t h  new development  s p r e a d i n g  
r a p i d l y  t o  e s t a b l i s h e d  b o u n d a r i e s ,  r o l l i n g  o v e r  them and 
c r e a t i n g  new b u t  ephemera l  o u t e r  l i m i t s .  
S a u d i  c i t i e s  a r e  growing n o t  m e r e l y  i n  p h y s i c a l  
p r o p o r t i o n s  b u t  i n  human d imens ions  a l s o .  The S a u d i  c i t i z e n  
i s  moving t o  t h e s e  burgeon ing  u rban  c e n t r e s  i n  l a r g e  numbers 
and he i s  j o i n e d  by a l a r g e  f o r e i g n  l a b o u r  f o r c e  e s t i m a t e d  a t  
a b o u t  two and a  h a l f  m i l l i o n  p e o p l e  from a l l  o v e r  t h e  wor ld .  
I n  keep ing  pace  w i t h  t h e  p r o g r e s s  a c h i e v e d  i n  o t h e r  
s e c t o r s  i n  t h e  Kingdom, t h e  t r a n s p o r t a t i o n  and communicat ions 
s e c t o r  h a s  w i t n e s s e d  amazing changes  d u r i n g  t h e  l a s t  few y e a r s .  
A s  t h e  r o l e  of  t r a n s p o r t a t i o n  and communicat ions h a s  c o n t i n u e d  
t o  expand,  it h a s  p l a y e d  a  key r o l e  i n  t h e  o v e r - a l l  deve lop-  
ment of  t h e  Uni ted  Kingdom's economy and h a s  had a  s i g n i f i c a n t  
impact  on t h e  l i v e s  o f  t h e  c i t i z e n s .  However, t r a f f i c  laws 
and s t a n d a r d s  have r e c e i v e d  i n s u f f i c i e n t  a t t e n t i o n .  U n t i l  
r e c e n t l y  v e r y  few t r a f f i c  r e g u l a t i o n s  and s t a n d a r d s  were pub- 
l i s h e d  o r  implemented by d i f f e r e n t  l o c a l  a u t h o r i t i e s .  Two 
main r e a s o n s  can  be g i v e n  t o  e x p l a i n  t h e  s i z e  of  t h e  t r a f f i c  
problem, though o t h e r  r e a s o n s  w i l l  be d i s c u s s e d  l a t e r :  
i )  The a b s e n c e  of  a  t r a f f i c  d e p a r t m e n t  l e a d i n g  t o  
t r a f f i c  r u l e s  b e i n g  changed by d i f f e r e n t  government a u t h o r i -  
t i es .  
ii) The l a c k  of  s c i e n t i f i c  r e s e a r c h  i n  t h e  f i e l d  of  
t r a f f i c  s t u d i e s ,  where t r a f f i c  d e s i g n  s t a n d a r d s  are l e f t  
t o  f o r e i g n  c o n s u l t a n t s .  
5.2 - Development o f  road network 
5.2.1 - Introduction 
Because o f  t h e  d r a m a t i c  i n c r e a s e  i n  t r a f f i c  th rough-  
o u t  t h e  Kingdom, t h e  M i n i s t r y  o f  Communications and Transpor -  
t a t i o n  h a s  u n d e r t a k e n  a comprehensive  highway development  pro-  
gramme. I n  r e c e n t  y e a r s  t h i s  development  programme h a s  
f o c u s e d  i n c r e a s i n g l y  n o t  o n l y  on t h e  q u a l i t y  o f  t h e  r o a d  n e t -  
work b u t  a l s o  on t h e  q u a l i t y  o f  t h e  sys tem.  The p r e s e n t  pro-  
gramme emphasizes  t h e  f o l l o w i n g  o b j e c t i v e s :  
(1) Expanding t h e  r o a d  network t o  r e a c h  a l l  t h e  p r i n c i p a l  
a r e a s  i n  t h e  Kingdom and t o  p r o v i d e  a c c e s s  t o  a s  many 
towns and v i l l a g e s  a s  p o s s i b l e ;  
( 2 )  Widening e x i s t i n g  r o a d s  and c o n s t r u c t i n g  more d u a l  
c a r r i a g e w a y s  and expressways  i n  a r e a s  w i t h  t r a f f i c  
c o n g e s t i o n ;  
( 3 )  Improving p r e v e n t i v e  main tenance  and r o a d - s a f e t y  
measures .  
S a u d i  A r a b i a  i s  a l a r g e  and s p a r s e l y  p o p u l a t e d  
c o u n t r y  which c o v e r s  o v e r  two and a h a l f  m i l l i o n  s q u a r e  
k i l o m e t r e s  and a we l l -p lanned  r o a d  sys tem i s  d i f f i c u l t  t o  
a c h i e v e ,  though v i t a l  t o  t h e  o v e r - a l l  development  of t h e  
c o u n t r y .  
I n  a d d i t i o n  t o  t h e  v a s t n e s s  o f  t h e  Kingdom, 
Saud i  Arab ia  i s  c h a r a c t e r i z e d  by ex t remes  o f  c l i m a t e  and 
geography,  r a n g i n g  f rom h i g h  rugged mounta ins  t o  r o c k y  
p l a i n s  and t o  v a s t  d e s e r t s  o f  s a n d .  I n  c a r r y i n g  o u t  
development  p l a n s  it h a s  been n e c e s s a r y  t o  d e a l  w i t h  t h e  
complex problems caused  by such  e x t r e m e s .  To b e s t  meet 
t h e  r e q u i r e m e n t s  d i c t a t e d  by t h e  c o u n t r y ' s  p h y s i c a l  e n v i r o n -  
ment ,  t h e  most modern i n t e r n a t i o n a l  s p e c i f i c a t i o n s  have been 
a d o p t e d  f o r  highway d e s i g n  and c o n s t r u c t i o n .  They were 
p u b l i s h e d  by t h e  M i n i s t r y  o f  Communications and T r a n s p o r t a -  
t i o n  i n  a  g u i d e - l i n e  manual w i t h  t h e  g e n e r a l  r e q u i r e m e n t s  a s  
w e l l  a s  d e t a i l e d  s p e c i f i c a t i o n s  f o r  t h e  use  o f  c o n s u l t a n t s  
and c o n t r a c t o r s  engaged i n  d e s i g n i n g  and b u i l d i n g  t h e  r o a d  
network.  
The c o u n t r y  i s  d i v i d e d  i n t o  f i v e  r e g i o n s  i n  o r d e r  
t o  a s s i s t  such  development  programmes, i n c l u d i n g  r o a d  n e t -  
work and t r a n s p o r t a t i o n  f a c i l i t i e s .  ~ a i n  r o a d s  w e r e  p l a n -  
ned t o  c o n n e c t  t h e  v a r i o u s  s e c t i o n s  of  e a c h  r e g i o n  and t h e n  
t h e  v a r i o u s  r e g i o n s  w i t h  e a c h  o t h e r ,  and w e r e  b u i l t  w i t h  
a s s i s t a n c e  from b o t h  S a u d i  and f o r e i g n  c o n s u l t a n t s .  These 
r e g i o n s  are:  
a  - E a s t e r n  P r o v i n c e  
b  - Western P r o v i n c e  
c - Nor the rn  P r o v i n c e  
d - Middle P r o v i n c e  
e - S o u t h e r n  P r o v i n c e  
Roads p r o j e c t s  have  p l a y e d  a major  r o l e  i n  t h e  
Kingdom' s Five-Year Development P l a n s .  The development  
of  t h e  r o a d  network and o t h e r  t r a n s p o r t a t i o n  e l e m e n t s  a r e  
v i t a l  t o  t h e  s u c c e s s f u l  economic development  of  t h e  Kingdom. 
During t h e  f i r s t  p l a n  1390-1395 H (1970-1975 A . D . ) ,  most  o f  
t h e  d i s t r i c t s  and main c i t i e s  were l i n k e d  by a network o f  
paved r o a d s .  B y  t h e  end o f  t h i s  p l a n ,  1219 km. o f  a s p h a l t  
r o a d s  and 8510 km. of  a g r i c u l t u r a l  r o a d s  had been b u i l t .  
With t h e  second  development  p l a n  1395-1400 H ,  
(1975-1980 A . D . ) ,  t h e  major  p r o j e c t s  had been comple ted .  
The t o t a l  l e n g t h  of  paved r o a d s  had grown t o  21,583 km. and 
a g r i c u l t u r a l  r o a d s  had i n c r e a s e d  t o  24,186 km. Most o f  
t h e  Kingdom's d i s t r i c t s  w e r e  now connec ted  by a modern r o a d  
network.  
By t h e  end o f  t h e  t h i r d  development  p l a n  i n  1405 H 
( 1 9 8 5  A.D.), t h e  Kingdom had 29,655 km. of  paved highways.  
A g r i c u l t u r a l  r o a d s  had been i n c r e a s e d  t o  50,655 km. 
The f o u r t h  development  plan h a s  set a t a r g e t  f o r  
i n c r e a s i n g  t h e  r o a d  network i n  t h e  Kingdom t o  116,000 km. 
which w i l l  i n c l u d e  35,000 krn. of paved highways ( p r i m a r y ,  
s e c o n d a r y  a n d  f e e d e r  r o a d s )  a n d  8 1 , 0 0 0  km. o f  a g r i c u l -  
t u r a l  r o a d s .  
5 . 2 . 2  - Urban roads 
A s  a r e s u l t  o f  t h e  r a p i d  s o c i a l  and economic 
growth and development  which h a s  t a k e n  p l a c e  d u r i n g  r e c e n t  
y e a r s ,  t h e  Kingdom's c i t i e s  have expanded a t  a n  e q u a l l y  
r a p i d  r a t e .  Many c i t i e s  have  grown s o  r a p i d l y  t h a t  i n  
j u s t  a  few y e a r s  t h e y  have  expanded t o  many t i m e s  t h e i r  
o r i g i n a l  s i z e .  
T r a f f i c  h a s  grown j u s t  a s  r a p i d l y  and h a s  ex- 
ceeded a l l  e x p e c t a t i o n s ,  l e a d i n g  t o  t r a f f i c  c o n g e s t i o n  on  
major  c i t y  s treets  t h r o u g h o u t  t h e  Kingdom. 
Major i n t e r - c i t y  r o a d  development  and e x p a n s i o n  
h a s  t a k e n  p l a c e .  The network of i n t e r - c i t y  paved r o a d s  
expanded a t  a n  a v e r a g e  rate of 1 0 . 1  p e r  c e n t  y e a r l y  from 
8 ,000  km. i n  1970 t o  30,000 km. i n  1985 ( 1 2 1 ) .  F i g u r e  
(5.2.2.-1) shows t h e  development  and  e x p a n s i o n  o f  t h e  u rban  
r o a d  network.  Near ly  a l l  towns and c i t i e s  i n  t h e  Kingdom 
a r e  now s e r v e d  by d u a l - c a r r i a g e w a y  r o a d s ,  many of  which 
c o n t a i n  t h r e e  l a n e s  and f o u r  l a n e s  i n  e a c h  d i r e c t i o n  w i t h  
a two-lane a d d i t i o n a l  s e r v i c e  r o a d  i n  e a c h  d i r e c t i o n .  
Major i n t e r s e c t i o n s  w e r e  widened and deve loped  
t o  accommodate h i g h e r  t r a f f i c  volumes.  D i f f e r e n t  j u n c t i o n  
d e s i g n s  have been a d o p t e d  and implemented t o  s o l v e  t h e  prob-  
l e m  of  u rban  j u n c t i o n  c o n g e s t i o n .  Grade-separa ted  
Figure 5.2.2-1 Urban Road Development and Expansion. 
(From reference No, 120) 
F i g u r e  5 .2 .2 -2  T r a f f i c  S i g n a l  Approach w i t h  f i l t e r i n g  e x i t  
( J e d d a h  1 . 
(Reproduced f rom r e f e r e n c e  No.122) 
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F i g u r e  5.2.2-3 Layouts  o f  S i g n a l i z e d  Diamond I n t e r s e c t i o n  
(Medinah-Airpor t  Road) Jeddah.  
(Reproduced from r e f e r e n c e  No.122) 
j u n c t i o n s ,  many o f  which a r e  "diamond" i n t e r c h a n g e s  w i t h  
s i g n a l  c o n t r o l  i n  some cases, i s  one  of  t h e  s o l u t i o n s ;  
o t h e r  major  a r t e r i a l s  have  been t o t a l l y  c o n v e r t e d  t o  ele- 
v a t e d  u rban  r o a d s  w i t h  t h r e e  l a n e s  i n  e a c h  d i r e c t i o n  ex-  
e x t e n d i n g  t o  1 7  km. i n  s o m e  p l a c e s .  Under-passes and f r e e -  
f l o w  u n s i g n a l i z e d  s l i p  r o a d s  a r e  a n o t h e r  example a d o p t e d  t o  
i n c r e a s e  j u n c t i o n  c a p a c i t y .  F i g u r e s  5.2.2-2 and 5.2.2-3 
show examples of j u n c t i o n  l a y o u t  d e s i g n  from t h e  c i t y  o f  
Jeddah.  
The d e s i g n  o f  u rban  i n t e r s e c t i o n s  t o o k  i n t o  
a c c o u n t  t r a f f i c  c o m p o s i t i o n  i n  S a u d i  A r a b i a .  A s  ment ioned 
e a r l i e r ,  m u l t i - m i l l i o n  S a u d i - R i y a l s  p r o j e c t s  w e r e  c o n s t r u c t e d  
i n  and around t h e  c i t i e s , w h i c h  r e q u i r e  t h e  u s e  o f  heavy com- 
m e r c i a l  v e h i c l e s .  Neavy commercial  v e h i c l e s  had no s t a n -  
d a r d s  o r  r e g u l a t i o n s  i n  t h e  e a r l y  s t a g e s  of  t h e  c o n s t r u c t i o n  
boom i n  t h e  Kingdom. Also  t h e  p r e s e n c e  of i n e x p e r i e n c e d  
d r i v e r s  was a n o t h e r  f a c t o r  which i n c r e a s e d  c o n g e s t i o n  and 
a c c i d e n t s  i n  d i f f e r e n t  l o c a t i o n s  of  u r b a n  network.  For  
example,  i n  t h e  E a s t e r n  P r o v i n c e  where major  o i l  r e s e r v o i r s  
a r e  l o c a t e d ,  o i l  companies u s e  l o n g e r  and h e a v i e r  t y p e s  o f  
commercial v e h i c l e s  t o  t r a n s f e r  t h e i r  equipment ,  i n  many 
c a s e s  t h r o u g h  t h e  c i t ies .  To add t o  t h e  problem of  t r a f f i c  
compos i t ion  i n  u rban  ne tworks ,  t h e  S a u d i  P u b l i c  T r a n s p o r t  
Company (SAPTCO) w a s  e s t a b l i s h e d  i n  S p r i n g  1979 and 6 0 0  b u s e s  
( 4 3  p a s s e n g e r  c a p a c i t y )  were i n t r o d u c e d  i n  e v e r y  major  c i t y .  
This  i s  i n  a d d i t i o n  t o  t h e  u n r e g i s t e r e d  buses  of small 
p r i v a t e  companies. Most l a r g e  companies, p a r t i c u l a r l y  
foreign-based c o n s t r u c t i o n  o r  s e r v i c e  f i r m s ,  use  some form 
of group t r a n s p o r t a t i o n  f o r  t h e i r  employees and t h e i r  fami- 
l i es .  
These above-mentioned f a c t o r s  l e d  t o  a d rama t i c  
i n c r e a s e  i n  urban road t r a f f i c  a c t i v i t y  which e x e r t e d  h igh  
p r e s s u r e  on t h e  road  network. To a l l e v i a t e  t h e s e  problems 
and f a c i l i t a t e  t h e  movement of t r a f f i c  i n  t h e  c i t ies ,  r i n g  
roads  have been c o n s t r u c t e d  around s e v e r a l  major c i t i e s .  
The r i n g  roads  have been b u i l t  t o  expressway s t a n -  
d a r d s  and i n c l u d e  s e r v i c e  roads  i n  a d d i t i o n  t o  t h r e e - l a n e s  
i n  each d i r e c t i o n ,  i n t e r c h a n g e s ,  b r i d g e s  and underpasses  w i t h  
accompanying l i g h t i n g ,  l andscap ing  and s a f e t y  p r o v i s i o n s .  
The modern r i n g  road concept  env i sages  e a s y  a c c e s s  
t o  o u t l y i n g  a r e a s  wi thout  any h indrance  from t r a f f i c  l i g h t s  
and t h e  o t h e r  b a r r i e r s  o r  i n t e r - u r b a n  c i t y  s t r e e t s .  These 
r i n g  roads  helped i n  d i v e r t i n g  t h r o u g h - t r a f f i c ,  e s p e c i a l l y  
heavy commercial v e h i c l e s ,  away from more congested c i t y  
c e n t r e s .  Also r i n g  roads  f a c i l i t a t e  more r a p i d  movement 
between v a r i o u s  s e c t i o n s  of t h e  c i t y  which i s  p a r t i c u l a r l y  
impor tan t  f o r  p u b l i c  s e r v i c e  v e h i c l e s  such a s  f i r e - f i g h t i n g  
equipment, ambulances and p o l i c e .  
n r e r n a -  
Min i s t ry  of Communication 
Riyadh Ring Road 
SCALE 1/125000 
F igure  5.2.2-4 Riyadh F i r s t  Ring Road. 
(Reproduced from r e f e r e n c e  No.120) 
A s  a n  example, F igu re  (5.2.2-4) shows R iyadh ' s  
f i r s t  r i n g  road which p a s s e s  through t h e  urban areas of 
t h e  c i t y .  The t o t a l  l e n g t h  of t h i s  road i s  9 3  km. I t  
c o n s i s t s  of t h r e e  l a n e s  i n  each  d i r e c t i o n  and a n  8m wide 
c e n t r a l  r e s e r v a t i o n  making t h e  t o t a l  width  of t h e  road 
1 0 0 m .  This  r i n g  road has  42 i n t e r s e c t i o n s  w i t h  o t h e r  
major r o u t e s .  The problems which would a r i s e  from such 
i n t e r s e c t i o n s  has  been so lved  by t h e  use  of d i f f e r e n t  
des igns ,  such a s  diamond i n t e r c h a n g e s ,  b r i d g e s  o r  under- 
pas se s  ( s e e  F igure  5 . 2 . 2 - 4 ) .  The r i n g  road i s  a l s o  pro- 
vided wi th  l i g h t i n g  f i x t u r e s ,  l andscap ing  and a l l  o t h e r  
s e r v i c e s .  
5.2.3 - R u r a l  roads 
The r u r a l  r o a d  network expanded from 3;500 km. i n  
1970 t o  52,226 km. i n  1985 ,  a t  a n  a v e r a g e  a n n u a l  growth o f  
20.5 p e r  c e n t .  These r o a d s  s e r v e  more t h a n  8 ,000 c i t i e s ,  
towns and v i l l a g e s .  E a r l y  r u r a l  r o a d  d e s i g n s  were a s i n g l e  
c a r r i a g e w a y  (two-way) u n d i v i d e d .  Then t h e  M i n i s t r y  o f  
Communications c a r r i e d  o u t  a n  e x t e n s i v e  programme t o  d e v e l o p  
and modernize  r u r a l  r o a d  ne tworks  i n  t h e  Kingdom. The r o a d  
programme which t h e  M i n i s t r y  of  Communications have approved 
c o n s i s t s  of  ma jo r  f e a t u r e s  a s  f o l l o w s ;  
1 - The r e c o n s t r u c t i o n  and widen ing  of  o l d  r o a d s ;  
2 - The implementa t ion  of h i g h  r o a d  d e s i g n  s t a n d a r d s ;  
3 - The p l a n n i n g  and e x e c u t i o n  of  r o a d  p r o j e c t s  i n  c o l l a -  
b o r a t i o n  w i t h  e x p e r i e n c e d  f o r e i g n  i n s t i t u t i o n s .  
The p r i m a r y  r o a d  programme o b j e c t i v e s  have con- 
formed t o  t h e  c o n t e n t  o f  t h e  Kingdom's f i v e - y e a r  develop-  
ment p l a n s  which t h e  government implements .  These ob- 
j e c t i v e s  a r e  as  f o l l o w s :  
a .  Promoting t h e  growth of  t h e  v a r i o u s  s e c t o r s  such  
as  i n c r e a s i n g  a g r i c u l t u r a l  and i n d u s t r i a l  produc- 
t i o n ;  e l e v a t i n g  t h e  s t a n d a r d  o f  h e a l t h ,  educa-  
t i o n a l  and s o c i a l  s e r v i c e s ,  r e d u c i n g  c o s t s  of  
t r a n s p o r t  and communicat ions r e q u i r e d  f o r  economic 
and s o c i a l  a c t i v i t i e s  by t h e  c o - o r d i n a t i o n  between 
road development programme and p u b l i c  s e r v i c e s  
development programme i n  o r d e r  t o  r e a l i z e  a 
balanced inves tment  e n s u r i n g  maximum p o s s i b l e  
n a t i o n a l  income i n  a l l  s e c t o r s ;  
b. s t r e n g t h e n i n g  and s u p p o r t i n g  t h e  n a t i o n a l  i n -  
t e g r i t y  and r e g i o n a l  economic growth,  by l i n k i n g  
a 1 1  v i l l a g e s  whose popu la t ion  exceed 10,000 people  
wi th  primary r o a d s  e i t h e r  d i r e c t l y  o r  by road con- 
n e c t i o n s  ; 
c .  Meeting t h e  i n c r e a s i n g  growth i n  t r a f f i c  w i th  t h e  
lowes t  p o s s i b l e  c o s t s ,  by c r e a t i n g  an  e q u i l i b r i u m  
between road  maintenance and v e h i c l e  fuel-consump- 
t i o n  and c o n s i d e r i n g  t h e  t ime e lement  i n  t h e  c o s t  
of  t r a v e l .  
A t  t h e  end of t h e  f i r s t  development p l a n  (1970- 
1 9 7 5 ) ,  most of t h e  main r e g i o n s  and c i t ies  had been con- 
nec ted  by pr imary and secondary a s p h a l t  r oads  of which t h e  
t o t a l  l e n g t h  had reached 12,169 km. The t o t a l  l e n g t h  of 
a g r i c u l t u r a l  f e e d e r  roads  was 8,077 km. 
~t t h e  end of t h e  second development p l an  (1975- 
19801, 21,583 km. of primary and secondary a s p h a l t  road 
p r o j e c t s  had been completed and 24,186 km. of a g r i c u l t u r a l  
f e e d e r  roads .  
The t h i r d  development p l a n  (1980-1985) inc luded  
an i n c r e a s e  i n  t h e  t o t a l  l e n g t h  of roads  t o  6,000 km. (ex-  
c lud ing  a g r i c u l t u r a l  f e e d e r  r o a d s ) ,  t o g e t h e r  w i t h  t h e  
va r ious  improvements made t o  t h e  e x i s t i n g  p r o j e c t s ,  i n -  
c lud ing  t h e  expans ion  of some r o a d s ,  t h e  c o n s t r u c t i o n  of  
b r idges  and mountain passageways and t h e  convers ion  of o t h e r  
roads  i n t o  expressways t o  a l l o w  f o r  t h e  i n c r e a s e  i n  t r a f f i c .  
I t  w a s  a n t i c i p a t e d  t h a t  t h i s  g o a l  might be exceeded by t h e  
end of 1985. 
A s  a r e s u l t  of such achievements  i t  was p o s s i b l e  
t o  execu te  t h e  t h i r d  s tage ,which  was t o  develop t h e  s e r v i c e s  
and s a f e t y  requi rements  on long d i s t a n c e  roads ,  such as 
us ing  gu ides ,  i n d i c a t i v e  and in fo rma t ion  s i g n s  and markings ,  
and encouraging t h e  p r o c e s s  of p l a c i n g  adve r t i s emen t  hoar-  
d ings  on bo th  s i d e s  of  t h e  road .  The t h i r d  s t a g e  aimed t o  
f u r t h e r  i n c r e a s e  g reen  a r e a s  around t h e  roads  by t h e  plan-  
t i n g  of trees and d e s e r t  p l a n t s  which do no t  r e q u i r e  con- 
t i n u o u s  wa te r ing .  It w a s  hoped t h a t  t h e s e  t opograph ica l  
scenes  would s t i m u l a t e  d r i v e r s  t o  remain a l e r t  over  long 
d i s t a n c e s  and t o  w i th s t and  t h e  h o t  c l i m a t e .  Also t h e  t h i r d  
s t a g e  inc luded  t h e  c o n s t r u c t i o n  of rest a r e a s  w i t h  complete 
f a c i l i t i e s  f o r  c a r  park ing  and s e r v i c i n g ,  r e s t a u r a n t s  and 
s l e e p i n g  u n i t s  ( m o t e l s )  . 
Length of Paved Roads 
Figure  5.2.3-1 Length of rural paved roads constructed 
between 1970-1985, Saudi Arabia. 
( ~eproduced  from reference No.120 ) 
Length of Agricultural Roads 
Figure 5.2.3-2 Length of Agricultural Roads constructed 
between 1970-1985, Saudi Arabia. 
(Reproduced from re fe rence  No.120) 
Table  5.2.3-1 Di s t ances  i n  Ki lometers  between Major C i t i e s  
i n  Saudi  Arabia .  
(Reproduced from r e f e r e n c e  No.121) 
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Figure 5.2.2-4 Expressway Diamond Interchange 
(a) Rass-Tanura-Safwi Expressway 
(b )  Dhahran Airport-Dammam Expressway 
(Reproduced from reference No.121) 
F i g u r e s  (5 .2 .2-1)  and (5 .2 .2-2)  i l l u s t r a t e s  t h e  
i n c r e a s e  i n  l e n g t h  o f  paced r o a d s  b u i l t  f rom 1970 t o  1985.  
T h i s  s t a g e  a l s o  d e a l s  w i t h  widen ing  and a s p h a l t i n g  
t h e  s h o u l d e r s  o f  r o a d s ,  o r g a n i z i n g  t h e  p r o c e s s  of  o v e r t a k i n g ,  
u s i n g  p a i n t i n g  and r o a d  s i g n s  and a huge main tenance  pro-  
gramme. Fur the rmore ,  t h i s  s t a g e  i n c l u d e s  a heavy commercial  
v e h i c l e  weighing programme t o  c o n t r o l  l o a d s ,  u s i n g  f i x e d  and 
mobi le  weigh b r i d g e s .  
The f o u r t h  s t a g e  i n  t h e  development  p l a n  h a s  se t  a 
t a r g e t  of  expand ing  t h e  c o n s t r u c t i o n  of r o a d  ne tworks  t o  
116,000 km. which w i l l  i n c l u d e  35,000 km. of  paved highways 
( p r i m a r y ,  s e c o n d a r y  and f e e d e r  r o a d s )  and 81,000 km. of  a g r i -  
c u l t u r a l  r o a d s .  The f i r s t  expressway was comple ted  a t  t h e  
end of  1979.  I t  was t h e  highway c o n n e c t i n g  t h e  Holy C i t y  
of  Makka w i t h  Jeddah  and had a t o t a l  l e n g t h  of  75 km. T h i s  
expressway c o n s i s t s  o f  f o u r - l a n e s  i n  e a c h  d i r e c t i o n  w i t h  a 
20m wide c e n t r a l  r e s e r v a t i o n .  The r o a d  c a r r i e s  a  v e r y  h i g h  
volume of  t r a f f i c ,  e s p e c i a l l y  i n  t h e  p e r i o d s  of  H a j j  
( P i l g r i m a g e )  when more more t h a n  two m i l l i o n  p e o p l e  t r a v e l  
t o  Makka t h r o u g h  Jeddah w i t h i n  a  p e r i o d  of  one t o  two months,  
ma in ly  u s i n g  t h e  Makka - Jeddah  expressway.  
Then i n  1983,  t h e  Makka - Al-Medina expressway was 
completed and opened t o  t r a f f i c .  T h i s  r o a d  c o n s i s t s  of  
t h r e e - l a n e s  i n  e a c h  d i r e c t i o n  w i t h  a  c e n t r a l  r e s e r v a t i o n  of  
2 0  metres and a  t o t a l  l e n g t h  o f  4 5 4  km. I n  1984 t h e  t h i r d  
expressway w a s  opened c o n n e c t i n g  t h e  c a p i t a l ,  Riyadh,  w i t h  
Dammam on  t h e  E a s t  c o a s t  w i t h  a  t o t a l  l e n g t h  of 467 km. 
I t  h a s  t h r e e  l a n e s  i n  e a c h  d i r e c t i o n  and a  20m wide c e n t r a l  
r e s e r v a t i o n .  Then o t h e r  expressways  were opened d u r i n g  1984 
and 1985,  and o t h e r s  are u n d e r  c o n s t r u c t i o n  and p lanned  t o  
open soon.  The map i n  t h i s  s e c t i o n  shows t h e  r u r a l  ne twork 
r o a d s  c o n n e c t i n g  c i t i e s  and towns i n  t h e  Kingdom. The m a p ' s  
key i l l u s t r a t e s  r o a d  c a t e g o r i e s ,  t h e  comple ted  r o a d  network 
and r o a d s  under  c o n s t r u c t i o n .  T h i s  map ( 1 9 8 6 )  g i v e s  t h e  
l a t e s t  i n f o r m a t i o n  a b o u t  r u r a l  r o a d s  i n  S a u d i  A r a b i a .  


5-3 - Traffic srowth 
The i n c r e a s e  i n  v e h i c l e  numbers on  t h e  r o a d s  h a s  
r i s e n  s h a r p l y  i n  t h e  l a s t  t e n  y e a r s  and t h e  t r e n d  i s  s t i l l  
upward. S t a t i s t i c a l  f i g u r e s  a r e  a v a i l a b l e  from t h e  y e a r  
1971,  which i s  c o n s i d e r e d  a s  t h e  b a s e  y e a r  f o r  t r a f f i c  
growth c o u n t s .  No p r e v i o u s  a c c u r a t e  f i g u r e s  a r e  a v a i l a b l e .  
Every major  c i t y  i n  t h e  Kingdom h a s  s e e n  d r a m a t i c  i n c r e a s e s  
i n  t h e  number o f  v e h i c l e s  on  t h e  r o a d s  which h a s  l e d  t o  
p e r i o d s  of  a c u t e  c o n g e s t i o n  and a  h i g h  f r e q u e n c y  o f  a c c i -  
d e n t s .  For  example t h e  r e c o r d s  of  t h e  number of  v e h i c l e s  
i n  u s e  i n  t h e  c i t y  o f  Jeddah  show t h a t  it h a s  i n c r e a s e d  . 
f i f t y - t w o  t i m e s  from 1971  t o  1981.  I n  1971,  t h e  number o f  
v e h i c l e s  was 13 ,217 and it r e a c h e d  690,073 i n  1981.  Simi-  
l a r l y  e v e r y  major  c i t y  h a s  e x p e r i e n c e d  a  r a p i d  i n c r e a s e  i n  
t h e  number o f  v e h i c l e s ,  i n .  some c a s e s  h i g h e r  t h a n  t h e  ex-  
ample g i v e n  above.  T a b l e  5 . 3 . 1  shoxs  t h e  t o t a l . i n c r e a s e  
o f  d i f f e r i n g  t y p e s  of  v e h i c l e s  i n  S a u d i  Arab ia  between 1971  
and 1985. V e h i c l e s  are c l a s s i f i e d  a s  heavy v e h i c l e s ,  
p a s s e n g e r  c a r s  and t a x i s ,  motor -cyc les  and buses .  The 
number of  v e h i c l e s  r e g i s t e r e d  i n  1971 were c o n s i d e r e d  . a s  t h e  
b a s e  y e a r  w i t h  which t o  compare t h e  i n c r e a s e  i n  f o l l o w i n g  
y e a r s .  A s  shown i n  t a b l e  ( 5 . 3 . 1 ) ,  t h e  number of  v e h i c l e s  
h a s  r i s e n  v e r y  s h a r p l y  from 144,768 i n  1971  t o  above f o u r  
m i l l i o n  i n  1985 ( 1 2 5 ) .  
Ln 
T a b l e 5 . 3 . 1  V e h i c l e  t y p e  g r o w t h  i n  S a u d i  Arabia be tween  1 9 7 1  a n d  1 9 8 5 . ( ~ e f .  No.125) N 4 
*Note: number of c a r s  r e g i s t e r e d  i n  1 9 7 1  is c o n s i d e r e d  as  t h e  base year, 1 0 0  per cent. 
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Car ownersh ip  i n  S a u d i  Arab ia  was e s t i m a t e d  a s  
0.2 c a r s  p e r  p e r s o n  i n  1980 and 0.44 c a r s  p e r  p e r s o n  i n  
1985,  e x c l u d i n g  heavy commercial  v e h i c l e s  ( 6 ) .  The 
v e h i c l e  t y p e  i n c r e a s e  shown i n  t a b l e  ( 5 . 3 . 1  ) i s  r e p r e -  
s e n t e d  g r a p h i c a l l y  by f i g u r e  ( 5 . 3 . 1  ) . Heavy commercial  
v e h i c l e s  and b u s e s  show h i g h  p e r c e n t a g e  i n c r e a s e s  and r e p -  
r e s e n t  47.44% o f  t h e  t o t a l  number o f  v e h i c l e s  r e g i s t e r e d  
i n  1985. 
5.4 - E f f e c t s  o f  v e h i c l e  t y p e  
5.4.1 - V e h i c l e  t w e  c l a s s i f i c a t i o n  
I t  is  o n l y  r e c e n t l y  t h a t  t h e  M i n i s t r y  o f  Communi- 
c a t i o n s  f o r  t h e  Kingdom, w i t h  t h e  c o l l a b o r a t i o n  of  some 
U n i v e r s i t i e s ,  have begun t o  i n v e s t i g a t e  t h e  problems caused  
o v e r  t h e  l a s t  two d e c a d e s  by t h e  l a c k  of  c o n t r o l s  on i m -  
p o r t e d  v e h i c l e s .  V e h i c l e  d e a l e r s  have b rough t  i n  heavy 
commercial v e h i c l e s  from a l l  o v e r  t h e  wor ld ,  w i t h  d i f f e r i n g  
s p e c i f i c a t i o n s ,  and t h e r e  have been no government c o n t r o l s  
of  s i z e ,  we igh t  o r  t y p e .  Fur the rmore ,  i n  t h e  a b s e n c e  o f  
o p e r a t i n g  r u l e s ,  v e h i c l e s  d e s i g n e d  t o  c a r r y  40 t o n s  have 
been c a r r y i n g  w e i g h t s  o f  up t o  100 t o n s ,  w i t h  d i r e  e f f e c t s  
on r o a d s .  
The U n i v e r s i t y  o f  Pe t ro leum and M i n e r a l s  c a r r i e d  
o u t  a  s t u d y ,  s u p e r v i s e d  by t h e  N a t i o n a l  C e n t r e  f o r  S c i e n c e  
and Technology and s p o n s o r e d  by t h e  M i n i s t r y  o f  Communica- 
t i o n s .  The Canadian c l a s s i f i c a t i o n  of  heavy commercial  
v e h i c l e s  was recommended a s  t h e  one  t o  a d o p t ,  see f i g u r e  
(5 .5 .1 -1 )  and t a b l e  (5 .5 .1 -1 )  and t h e  s t u d y  i n c l u d e d  i n t e r -  
v iews w i t h  l o c a l  a u t h o r i t i e s ,  f i e l d  s t u d i e s  of  t h e  p h y s i c a l  
and o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  v e h i c l e s ;  speed l i m i t s ;  
and d r i v e r  c h a r a c t e r i s t i c s  and p u b l i c  obed ience  t o  t r a f f i c  
c o n t r o l  d e v i c e s .  
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F i g u r e  5 .4 .1 -1  Canad ian  l e g a l  s i z e  and  w e i g h t  f o r  heavy 
commerc ia l  v e h i c l e s .  
(Reproduced  from r e f e r e n c e  No.123) 

A s  a r e s u l t  o f  t h i s  and  o t h e r  s t u d i e s  by c o n s u l -  
t a n t s ,  new r e g u l a t i o n s  have been  i n t r o d u c e d  by t h e  M i n i s t r y  
o f  Communications f o r  t h e  maximum s i z e  o f  heavy commerc ia l  
v e h i c l e s .  These  a r e  : 
( L e n g t h  18  metres 
S i z e  (Width  2.40 metres 
( 
( H e i g h t  4 metres 
(Maximum t o t a l  w e i g h t  
( 
Weight (Maximum w e i g h t  o n  
( s i n g l e  a x l e  
( 
(Maximum w e i g h t  o n  
( d o u b l e  a x l e  
40 t o n s  
1 3  t o n s  
20 t o n s  
To e n f o r c e  t h e s e  new m e a s u r e s ,  t h e  M i n i s t r y  o f  
Communications d e c i d e d  t o  i n t r o d u c e  a v e h i c l e  we igh ing  
sys t em t h r o u g h o u t  t h e  Kingdom. T h i r t y  l o c a t i o n s  w e r e  
s e l e c t e d  m a i n l y  a t  p o r t s  and  l a n d  e n t r a n c e s  t o  t h e  c o u n t r y .  
Dur ing  1985 ,  t w e l v e  v e h i c l e  w e i g h i n g - s c a l e s  w e r e  c o n s t r u c t e d  
a t  p o r t s ,  cus toms h o u s e s  and  a t  a t  e n t r a n c e s  t o  newly-opened 
expressways .  
5.4.2  - The e f f e c t  of v e h i c l e  type o n  r o a d  network d e s i q n  
The t r a n s p o r t  s e c t o r  o f  t h e  Kingdom o f  S a u d i  Arab ia  
i s  one  of  t h e  most i m p o r t a n t  s e c t o r s  o f  t h e  c o u n t r y ' s  economy, 
s i n c e  t h e  economic development  of  t h e  Kingdom re l ies  h e a v i l y  
on i t s  e x t e n s i v e  r o a d  network.  T h i s  network w a s  d e s i g n e d  
a c c o r d i n g  t o  AASHTO s p e c i f i c a t i o n s  and s t a n d a r d s  f o r  a  d e s i g n  
l i f e  of  1 0  t o  2 0  y e a r s .  
I t  is w e l l  known t o  highway e n g i n e e r s  t h a t  pavement 
damage i n c r e a s e s  e x p o n e n t i a l l y  w i t h  a x l e  l o a d .  AASHTO r o a d  
t e s t s  have shown t h a t  pavement damage i s  a p p r o x i m a t e l y  pro-  
p o r t i o n a l  t o  t h e  f o u r t h  power o f  t h e  a x l e  l o a d  s o  t h a t  i f  t h e  
a x l e  l o a d  i s  doub led ,  damage t o  t h e  pavement i n c r e a s e s  1 6  
t i m e s .  Applying t h i s  l o g i c  t o  l i g h t e r  l o a d s  o f  p a s s e n g e r  
c a r s ,  it can be s e e n  t h a t  a  f u l l y - l a d e n  heavy commercial  ve- 
h i c l e  may c a u s e  a p p r o x i m a t e l y  10 ,000  t i m e s  more damage t h a n  a  
p a s s e n g e r  c a r .  . 
The Kingdom's r o a d  network ( r o a d  pavements and 
b r i d g e s )  h a s  s u f f e r e d  e x t e n s i v e  damage b o t h  i n  r u r a l  and 
urban a r e a s  by overweigh t  heavy commercial  v e h i c l e s  and i s  
r a p i d l y  r e a c h i n g  a  c r i t i c a l  s t a g e .  Because of l a c k  of  en- 
fo rcement  many heavy commercial  v e h i c l e  o p e r a t o r s  a r e  
l o a d i n g  t h e i r  v e h i c l e s  t o  t h e  l i m i t  o f  t h e  v e h i c l e ' s  s t r u c -  
t u r a l  c a p a b i l i t y ,  which may be two o r  t h r e e  t i m e s  t h e  l e g a l  
we igh t  l i m i t .  S a u d i  Arab ia  h a s  t h e  most l i b e r a l  we igh t  
a l l o w a n c e s  among Gulf c o u n t r i e s  and exceeds  l i m i t s  i n  Europe 
and t h e  Uni ted  S t a t e s .  The l a r g e s t  heavy commercial  ve- 
h i c l e s  a r e  c u r r e n t l y  l i m i t e d  t o  40 t o n s  g r o s s  w e i g h t  w i t h  
1 3  t o n s  on a n  i n d i v i d u a l  a x l e ,  o r  20 t o n s  on  a  tandem a x l e .  
However, t r a f f i c  p o l i c e  have many r e c o r d s  o f  heavy v e h i c l e s  
weighing o v e r  100 t o n s ,  w i t h  up t o  3 2  t o n s  on i n d i v i d u a l  
a x l e s  t h a t  a r e  r e g u l a r l y  t r a v e r s i n g  s t r u c t u r e s  d e s i g n e d  f o r  
40 t o  45 t o n s .  A s  a  r e s u l t ,  t h e  highway sys tem i s  f a c e d  
w i t h  p remature  b r idge-deck  f a i l u r e s  and o t h e r  s t r u c t u r a l  
problems.  S i m i l a r l y ,  t h e  pavement i s  s u f f e r i n g  damage from 
t h e  same v e h i c l e s ,  w i t h  major  r u t t i n g  a p p e a r i n g  on r e l a t i v e l y  
new roadways. Another  ma jo r  e f f e c t  of heavy commercial  ve- 
h i c l e s  i s  damage t o  roadway d i r e c t i o n a l  s i g n s .  Heavy ve- 
h i c l e s  t e n d  t o  exceed l e g a l  h e i g h t s  and w i d t h s  which r e s u l t s  
i n  b r i n g i n g  down r o a d  s i g n s ,  t r a f f i c  s i g n a l s  and damaging 
t h e  bot tom of  b r i d g e s .  Many a t t e m p t s  t o  b r i n g  t h i s  problem 
under  c o n t r o l  have n o t  been s u c c e s s f u l ,  p r i m a r i l y  because  o f  
c o m p l a i n t s  from t r u c k  o p e r a t o r s  who have become accustomed 
t o  maximizing l o a d s  and view a n y  r e s t r i c t i o n s  a s  a n  unneces-  
s a r y  i n f r i n g e m e n t  on commerce. 
The M i n i s t r y  o f  Communications h a s  under taken  many 
measures  t o  p r o t e c t  t h e  r o a d  network s y s t e m ; f i r s t l y  t h r o u g h  
improving t h e  d e s i g n  s t a n d a r d s  of  pavement,  and widening road-  
ways and i n t e r s e c t i o n s ;  s e c o n d l y  by t h e  c o n s t r u c t i o n  o f  weigh 
s t a t i o n s  t h r o u g h o u t  t h e  Kingdom; and t h i r d l y  by a t t e m p t i n g  t o  
r e a c h  a n  agreement  w i t h  r e p r e s e n t a t i v e s  from i n d u s t r y  on 
m o d i f i c a t i o n s  of  w e i g h t  and s i z e s  o f  heavy commercial  ve- 
h i c l e s .  Such d i s c u s s i o n s  have  h e l p e d  t h e  development  o f  
s t r i c t e r  s p e c i f i c a t i o n s  f o r  heavy commercial  v e h i c l e s  i n  
t h e  Kingdom. F i n a l l y ,  t h e  M i n i s t r y  of  Communications t r ies  
t o  c o n t r o l  movements of  heavy commercial  v e h i c l e s ,  e s p e c i a l l y  
on urban r o a d s  by banning them from u s i n g  c e r t a i n  r o u t e s  
t h r o u g h  c i t y  ne tworks  u s i n g  r o a d  s i g n s  and s p e c i f y i n g  e n t r y  
t o  c e r t a i n  r o u t e s  o n l y  d u r i n g  e v e n i n g  h o u r s .  
5 .4 .3  - The  e f f e c t  o f  vehic le  t y p e  o n  urban traffic 
Urban r o a d s  s h o u l d  be d e s i g n e d  t o  be s a f e  and t o  
p e r m i t  t h e  f r e e  f l o w  of  t r a f f i c  a t  a r e a s o n a b l e  speed .  
T h e i r  t r a f f i c  c a p a c i t y  s h o u l d  a l l o w  f o r  p r o j e c t e d  demands 
i n  s p i t e  of  t h e  c o m p o s i t i o n  of  t h e  t r a f f i c  which a f f e c t s  
t h e i r  per formance  and s a f e t y .  
Because of  t h e  c o m p l e x i t y  o f  t r a f f i c  problems i n  
S a u d i  A r a b i a ,  d e s i g n  measures  a d o p t e d  by d i f f e r e n t  l o c a l  
a u t h o r i t i e s  a r e  s t i l l  i n a d e q u a t e  t o  overcome t h e s e  problems.  
T h i s  i s  main ly  d u e  t o  t h e  l a c k  of  t r a f f i c  e n g i n e e r i n g  ex- 
p e r t i s e  i n  t h e  l o c a l  p o l i c e  and governmenta l  a u t h o r i t i e s ,  
t h e  l a c k  of  t r a f f i c  r e c o r d s ,  t h e  l a c k  of  r e s e a r c h  e f f o r t s  
and t h e  r a p i d  change i n  b o t h  t h e  highway sys tem and v e h i c l e  
growth.  A f u r t h e r  r e a s o n  i s  t h e  non-uni formi ty  of t r a f f i c  
p l a n n i n g  and s t a n d a r d s ,  even  i n  t h e  same c i t y  where u s u a l l y  
d i f f e r e n t  f o r e i g n - b a s e d  c o n s u l t a n t s  a r e  r e s p o n s i b l e  f o r  t h e  
d e s i g n  o f  t h e  u rban  network.  
Because of  t h e  l a c k  of  i n f o r m a t i o n  a b o u t  v e h i c l e  
t y p e s ,  r e c o r d s  c o n c e r n i n g  s i z e s ,  w e i g h t s ,  o p e r a t i o n a l  c h a r a c -  
t e r i s t i c s  and t h e i r  p e r c e n t a g e  d i s t r i b u t i o n s  t h r o u g h o u t  t h e  
Kingdom, t h e  coun te r -measures  adop ted  i n  many cases a r e  o f t e n  
e x t r e m e ,  i n v o l v i n g  t h e  u s e  of  t h e  h i g h e s t  d e s i g n  s t a n d a r d s  
f o r  t h e  r e c o n s t r u c t i o n  o f  roadways and u rban  i n t e r s e c t i o n s .  
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Many s e c t i o n s  o f  t h e  urban r o a d  network i n  S a u d i  
Arab ia  e x p e r i e n c e  heavy t r a f f i c  volumes l e a d i n g  t o  conges-  
t i o n  and l o n g  p e r i o d s  of  d e l a y  when t h e  ne twork c a p a c i t y  i s  
exceeded.  
A s  a n  example,  o b s e r v a t i o n s  of  t r a f f i c  volumes a t  
47 l o c a t i o n s  i n  t h e  c i t y  of  Jeddah  w e r e  c a r r i e d  o u t  d u r i n g  
1952,  u s i n g  e l e c t r o n i c  c o u n t i n g  and speed  measur ing  e q u i p -  
ment ( 1 2 2 ) .  The aim o f  t h e s e  o b s e r v a t i o n s  w a s  t o  i n v e s t i g a t e  
t h e  f l o w  p a t t e r n  of  t h e  c i t y  network by o b t a i n i n g  a v e r a g e  
d a i l y  f l o w s  based on  a n  18-hour c o u n t  ( 6  am t o  m i d n i g h t )  and 
t h e  t r a f f i c  demand when sudden o r  p e r i o d i c a l  changes  o c c u r  
(Ramadan, Hajj p e r i o d ) .  
T r a f f i c  c o m p o s i t i o n  was i n v e s t i g a t e d  a t  3 2  l o c a t i o n s  
d u r i n g  1984 and t h e  r e s u l t s  a r e  g i v e n  i n  t a b l e  (5 .5 .3 -1  1.  
V e h i c l e  t y p e s  were c l a s s i f i e d  a s  p a s s e n g e r  c a r s ,  p ick-ups  and 
m i n i  b u s e s  ( e q u i v a l e n t  t o  l i g h t  goods v e h i c l e s  i n  t h e  U.K.), 
motor c y c l e s  and t r u c k s .  Tab le  ( 5 . 5 . 3 - 1 )  i l l u s t r a t e s  t r a f -  
f i c  compos i t ion  on t h e  r o a d  network of  t h e  c i t y  of  Jeddah.  
P e r c e n t a g e s  of  heavy commercial  v e h i c l e s  were r e c o r d e d  
r a n g i n g  from a v e r a g e s  of  1 0  t o  30 p e r  c e n t  w h i l s t  p e r c e n t a g e s  
of p a s s e n g e r  c a r s  r anged  from 40 t o  70 p e r  c e n t .  O t h e r  t y p e s  
of  v e h i c l e s  i n c l u d i n g  b u s e s ,  motor  c y c l e s  and l i g h t  goods 
v e h i c l e s  r anged  on a v e r a g e  from 20 t o  50 p e r  c e n t .  
The h igh  pe rcen tages  of heavy v e h i c l e s  become even 
g r e a t e r  du r ing  t h e  t h r e e  months annua l  H a j j  p e r i o d .  During 
t h i s  p e r i o d ,  approximate ly  two m i l l i o n  people  a r r i v e  a t  t h e  
c i t y  of Jeddah and s tar t  t h e i r  p i lg r image  t o  bo th  Makka and 
Al-Madinah. The d i s t a n c e  between Jeddah and Makka i s  75  
k i lome t r e s  and Al-Madinah i s  445 k i l o m e t r e s .  
Observa t ions  of  t r a f f i c  volumes and speed i n  t h e  
c i t y  of Jeddah are g iven  i n  t a b l e  (5.5.3-2) f o r  t y p i c a l  week 
days  and du r ing  F r iday  i n  t h e  H a j j  pe r iod  ( F r i d a y  i s  t h e  
weekly h o l i d a y ) .  The l e v e l  of  s e r v i c e  f o r  each road sec-  
t i o n  i s  given f o r  bo th  a  t y p i c a l  weekday and a  Fr'iday i n  t h e  
H a j j  pe r iod .  A s  can be s een ,  a  d i s t i n c t i o n  was made between 
u n i n t e r r u p t e d  and i n t e r r u p t e d  f lows  s i n c e  d i f f e r e n t  c r i t e r i a  
were used t o  e v a l u a t e  t h e s e  s e c t i o n s .  The volume and capa- 
c i t y  r a t i o  i s  a l s o  g iven  and it can be noted t h a t  t h e  v/c 
r a t i o  f o r  8 1  p e r  c e n t  of road s e c t i o n s  i s  l e s s  t han  0 . 5 0 ,  
i n d i c a t i n g  t h a t  t h e r e  i s  ample r e s e r v e  c a p a c i t y  i n  t h e  road 
network(l22).Exceptions a r e  t h e  fo l lowing  s e c t i o n s :  
- King Abdul Aziz Road 
- King Faysa l  Road 
- Old Makka Road 
where t h e  s i t u a t i o n  has  become c r i t i c a l .  During t h e  1982 
H a j j  p e r i o d ,  o b s e r v a t i o n s  were conducted a t  two count ing  
s t a t i o n s ,  Makka Freeway and  Old Makka Road and it w a s  n o t e d  
t h a t  t h e  t r a f f i c  c o m p o s i t i o n  w a s  ma in ly  b u s e s  and min i -buses .  
T r a f f i c  volume c o u n t s  i n  Old Makka Road f o r  f i f t e e n  c o n t i n u o u s  
days  showed a n  i n c r e a s e  i n  t r a f f i c  volume demand ( a p p r o x i -  
m a t e l y  64,000 p . c . u .  d a i l y )  a week b e f o r e  H a j j  and  one  week 
a f t e r ,  w h i l e  a c o n s i d e r a b l e  d e c l i n e  ( a p p r o x i m a t e l y  22,000 
p.c .u.  d a i l y )  i s  a p p a r e n t  i n  t h e  midd le  of  t h e  H a j j  p e r i o d  
(see f i g u r e  5 . 5 . 3 - 1 ) .  S i m i l a r  c h a r a c t e r i s t i c s  a r e  shown 
f o r  t h e  Makka Freeway. Due t o  t h e  h i g h  p e r c e n t a g e s  of  b u s e s  
( r a n g i n g  between 60 t o  80 p e r  c e n t  of  t h e  t o t a l  f l o w ) ,  t h e  
f reeway w a s  c o n g e s t e d  d u r i n g  m o s t  o f  t h e  day- t ime h o u r s  when 
: \
t h e  l e v e l  o f  s e r v i c e  w a s  e s t i m a t e d  t o  v a r y  between l e v e l  E and 
l e v e l  F. 
5.5 - Traffic standards and specifications 
5.5.1 - Traffic signals 
I n  S a u d i  A r a b i a  t h e  m a j o r i t y  of  s i g n a l s  o p e r a t e  on  
a s i n g l e  f i x e d  t i m e  p l a n  t h r o u g h o u t  t h e  d a y ;  t h i s  t i m i n g  
p l a n  i s  deve loped  g e n e r a l l y  w i t h o u t  c a l c u l a t i o n  and based  
p r i m a r i l y  on o b s e r v a t i o n  of  peak p e r i o d  t r a f f i c  c o n d i t i o n s .  
Lengthy s t a g e  t i m e s  a r e  a d o p t e d  t o  i n c r e a s e  c a p a c i t y  and t h e  
r e s u l t a n t  c y c l e  t i m e s  may be c l o s e  t o ,  o r  i n  e x c e s s  o f ,  d e s i r -  
a b l e  maxima. W h i l s t  t h i s  may be n e c e s s a r y  t o  cater  f o r  peak 
p e r i o d  volumes, a t  o t h e r  t i m e s  of  t h e  day  s i g n i f i c a n t  d e l a y s  
w i l l  be i n c u r r e d  and d r i v e r s  become f r u s t r a t e d ,  c a u s i n g  them 
t o  d i s o b e y  t h e  s i g n a l  i n d i c a t i o n s .  I n  t h e  c i t y  of Jeddah 
t h e r e  a r e  476 s i g n a l i z e d  i n t e r s e c t i o n s .  They c o n s t i t u t e  one  
of  t h e  most  i m p o r t a n t  means of  t r a f f i c  management i n  t h e  c i t y  
and t h e i r  o p e r a t i o n  i s  c o n s i d e r e d  c r i t i c a l  f o r  h a n d l i n g  t h e  
t r a f f i c .  A t  p r e s e n t  t h e  o p e r a t i o n s  a r e  n o t  s a t i s f a c t o r y .  
The t r a f f i c  s i g n a l s  i n  Jeddah  are on  h i g h  o r  low p o s t s ,  t h e  
h i g h  o n e s  u s u a l l y  hang ing  overhead .  Depending on t h e i r  l o c a -  
t i o n  a t  f o u r  o r  three-way i n t e r s e c t i o n s  and on i n t e r s e c t i o n s  
w i t h  p e d e s t r i a n s  t h e y  a r e  f o u r ,  t h r e e  and two-phase s i g n a l s  
r e s p e c t i v e l y .  The c y c l e  t i m e  of  t h e  p h a s e s  r e c o r d e d  v a r i e s  
between 52 and 255 seconds .  T h i s  compares t o  maximum i n t e r -  
n a t i o n a l  s t a n d a r d  of  120 second c y c l e s  which i s  v i o l a t e d  i n  
a b o u t  37  t r a f f i c  s i g n a l s ,  most of which a r e  l o c a t e d  i n  c r i t i -  
c a l  i n t e r s e c t i o n s  c a u s i n g  l o n g  queues  o f  c o n g e s t e d  t r a f f i c  
w i t h  t h e  p r e d i c t a b l e  n e g a t i v e  e f f e c t s  on t h e  t r a f f i c  volumes 
and t h e i r  s p e e d s  ( 1 2 2 ) .  The r e a s o n s  f o r  such  l o n g  c y c l e  
t i m e s  a r e  due  t o  t h e  c o m p l e x i t y  o f  t r a f f i c  c o m p o s i t i o n ,  
t h e i r  u n p r e d i c t a b l e  d i s t r i b u t i o n s ;  e a c h  movement a t  t h e  
i n t e r s e c t i o n  i s  s e r v e d  i n d e p e n d e n t l y  and v e r y  r a r e l y  a r e  two 
p a r a l l e l  t r a f f i c  movements a l l o w e d  t o  o p e r a t e  c o n c u r r e n t l y .  
T h i s  i s  a major  shor tcoming  of  t h e  c u r r e n t  t r a f f i c  s i g n a l i -  
s a t i o n  i n  Jeddah .  A s i m i l a r  s i t u a t i o n  e x i s t s  t h r o u g h o u t  t h e  
Kingdom's t r a f f i c  s i g n a l  sys tem.  
The p r e s e n c e  of  t h e  t r a f f i c  p o l i c e  a t  s i g n a l i z e d  
and u n s i g n a l i z e d  i n t e r s e c t i o n s  t h r o u g h o u t  t h e  day  u s u a l l y  
f a c i l i t a t e s  t h e  p r o p e r  c i r c u l a t i o n  and t u r n i n g  movements of  
v e h i c l e s  i n  c e r t a i n  i m p o r t a n t  a r e a s ,  and when t r a f f i c  s i g n a l s  
a r e  n o t  f u n c t i o n i n g  due  t o  f a i l u r e .  
The sequence  o f  s i g n a l s  i n  S a u d i  Arab ia  a r e  s i z i l a r  
t o  t h e  American sys tem which i s  " r e d ,  g r e e n ,  amber,  r e d "  and 
p r e s e n t  l e g i s l a t i o n  p e r m i t s  r i g h t  t u r n s  on  r e d  ( l e f t  t u r n  i n  
U . K .  p r a c t i c e )  a t  most of  t h e  i n t e r s e c t i o n s .  I n  cases where 
heavy r i g h t - t u r n s  and c r o s s - t h r o u g h  t r a f f i c  o c c u r ,  a  s e p a r a t e  
r i g h t  a r r o w  i s  i n s t a l l e d .  
The l o c a t i o n  of  s i g n a l  p o s t s  a t  t h e  i n t e r s e c t i o n s  
seems t o  be g e n e r a l l y  s a t i s f a c t o r y .  A major  problem w i t h  
t h e  l o c a t i o n  of  t h e  s i g n a l s  a t  t h e  i n t e r s e c t i o n s  i s  t h e  f a c t  
t h a t  s i g n a l s  are p l a c e d  b e f o r e  and a f t e r  t h e  i n t e r s e c t i o n .  
T h i s  e n c o u r a g e s  d r i v e r s  t o  advance  towards  t h e  l a t t e r  s i g -  
n a l ,  s t o p p i n g  on r e d ,  r i g h t  on t h e  p e d e s t r i a n  c r o s s i n g  and 
o f t e n  o b s t r u c t i o n  c r o s s i n g  p e d e s t r i a n s .  T r a f f i c  p o l i c e  
t r i e d  t o  s o l v e  such  problems by imposing heavy p e n a l t i e s  
b u t  t h i s  was u n s u c c e s s f u l .  T h i s  common p r a c t i c e  by d r i v e r s  
i s  main ly  due  t o  t h e  p r e s e n c e  of  uneducated  d r i v e r s ,  t h e  
l a c k  of  knowledge of  t r a f f i c  r e g u l a t i o n s  and r u l e s  and t h e  
h i g h  p e r c e n t a g e  of f o r e i g n  d r i v e r s  who a r e  u n q u a l i f i e d  and 
a r e  employed by f o r e i g n  based  companies.  The m a j o r i t y  of  
such  d r i v e r s  a r e  from t h e  F a r  E a s t .  
The f l o w  o f  t r a f f i c  u s i n g  a j u n c t i o n  i s  u n l i k e l y  
t o  be c o n s t a n t  t h r o u g h o u t  t h e  d a y  and t h u s  s i g n a l  c a p a c i t y  
and t i m i n g s  s h o u l d  be c a l c u l a t e d  f o r  d i f f e r e n t  p e r i o d s  o f  
t h e  day.  The p a t t e r n  o f  t r a f f i c  f l o w  can be e x p e c t e d  t o  be 
similar  from one working day  t o  t h e  n e x t  and t h u s  s i g n a l  
a r r a n g e m e n t s  w i l l  u s u a l l y  a l s o  be s i m i l a r .  However, d i f -  
f e r e n c e s  i n  f l o w  between weekdays, weekends and p u b l i c  h o l i -  
d a y s  may need s e p a r a t e  c a p a c i t y  a s s e s s m e n t s .  S i m i l a r l y ,  
s e a s o n a l  v a r i a t i o n  f o r  example ,  t h e  e f f e c t s  o f  Ramadan, H a j j  
and s c h o o l  h o l i d a y s  a l s o  r e q u i r e  s e p a r a t e  c a l c u l a t i o n s .  
5.5.2 - S i g n a l  c o n t r o l l e d  j u n c t i o n  d e s i g n  
The o b j e c t i v e  of  a n y  t r a f f i c  s i g n a l  i n s t a l l a t i o n  
i s  t o  o b t a i n  t h e  most e f f i c i e n t  u s e  of  a v a i l a b l e  r o a d  s p a c e  
c o n s i s t e n t  w i t h  t h e  maximum s a f e t y  f o r  t h e  d i f f e r e n t  t y p e s  
of  v e h i c l e s  and p e d e s t r i a n s  u s i n g  t h e  j u n c t i o n .  F r e q u e n t l y  
s i g n a l s  a r e  i n s t a l l e d  a t  i n t e r s e c t i o n s  where a v a i l a b l e  r o a d  
s p a c e  i s  r e s t r i c t e d  and t h e  o p p o r t u n i t y  f o r  r o a d  widen ing  i s  
l i m i t e d ,  and a s  a  r e s u l t  l a y o u t s  have t o  be used which a r e  
n o t  n e c e s s a r i l y  i d e a l .  I n  S a u d i  A r a b i a ,  r o a d  w i d t h s  and 
r o a d  r e s e r v e s  a r e  g e n e r a l l y  s u f f i c i e n t  t o  p e r m i t  i n t e r s e c -  
t i o n  l a y o u t s  w i t h  h i g h  d e s i g n  s t a n d a r d s  t o  be i n t r o d u c e d .  
T r a f f i c  volumes p r e s e n t l y  e x p e r i e n c e d  i n  t h e  
Kingdom, i n  c o n j u n c t i o n  w i t h  t h e  development  of  r o a d  n e t -  
I 
work, s h o u l d  n o t  i n  g e n e r a l  c r e a t e  s e v e r e  c o n g e s t i o n .  The 
r o a d  network e x c e p t  i n  t h e  o l d e r  c i t y  c e n t r e s ,  h a s  a d e q u a t e  
c a p a c i t y  t o  h a n d l e  b o t h  p r e s e n t  day  f l o w s  and i f  u t i l i z e d  
e f f i c i e n t l y ,  t o  c a t e r  f o r  growth i n  t h e  f o r e s e e a b l e  f u t u r e .  
The emphasis  of  s i g n a l s  o p e r a t i o n  i n  S a u d i  Arab ia  i s  t h e r e -  
f o r e  n o t  n e c e s s a r i l y  on  t h e  enhancement  of  t h e  c a p a c i t y  of  
t h e  ne twork,  b u t  on t h e  r e g u l a t i o n  and c o n t r o l  of  t r a f f i c ,  
and on t h e  improvement of  r o a d  s a f e t y .  However, i t  w i l l  
become i n c r e a s i n g l y  i m p o r t a n t  a s  t r a f f i c  growth c o n t i n u e s  
t o  e n s u r e  t h a t  maximum o p e r a t i o n a l  e f f i c i e n c y ,  c o n s i s t e n t  
w i t h  s a f e t y ,  i s  a c h i e v e d  t h r o u g h  s u i t a b l e  j u n c t i o n  d e s i g n .  
I n t e r s e c t i o n  d e s i g n  s t a n d a r d s  a r e  based o n  b o t h  
U . K .  and U.S .A.  p r a c t i c e ,  m o d i f i e d  and a d a p t e d  a s  r e q u i r e d  
f o r  S a u d i  A r a b i a .  I n  p a r t i c u l a r  l a r g e r  k e r b  r a d i i ,  t u r n i n g  
circles and c a r r i a g e w a y  w i d t h s  have been i n c l u d e d  f o r  u s e  i n  
a r e a s  where l a r g e  commercial  v e h i c l e s  r e g u l a r l y  o p e r a t e .  
A s  p a r t  of  t h e  recommended improvements f o r  s i g n a l  
p h a s i n g  and o p e r a t i o n ,  s e p a r a t e  s i g n a l i z a t i o n  o f  s p e c i f i c  
t u r n i n g  movements i s  p roposed ,  where f e a s i b l e ,  and where a n  
e x c l u s i v e  t u r n i n g  movement i s  s i g n a l l e d  s e p a r a t e l y ,  t h e  t r a f -  
f i c  making t h e  movement s h o u l d  i d e a l l y  be p h y s i c a l l y  s e g r e -  
g a t e d .  T h i s  promotes good l a n e  d i s c i p l i n e ,  improves  s a f e t y ,  
e a s e s  e n f o r c e m e n t ,  can  i n c r e a s e  c a p a c i t y  ( b y  a c h i e v i n g  b e t t e r  
l a n e  u t i l i z a t i o n ) ,  and p e r m i t s  t h e  s i g n a l  heads  t o  be more 
d i r e c t l y  r e l a t e d  t o  t h e  movement t h e y  c o n t r o l .  
The main c r i t e r i a  c o n s i d e r e d  i n  t h e  d e s i g n  of s i g -  
n a l i z e d  i n t e r s e c t i o n  a r e  a s  f o l l o w s :  
( a )  D r i v e r s  have s u f f i c i e n t  advance  warning of  e x a c t l y  
which d i r e c t i o n  t o  t a k e  a t  j u n c t i o n s ;  
( b )  D r i v e r s  a r e  g u i d e d  i n t o  t h e  i n t e n d e d  l a n e  ( o r  l a n e s )  
by r o a d  mark ings ,  supplemented  i f  n e c e s s a r y ,  by 
a p p r o p r i a t e  s i g n s ;  and 
( c )  D r i v e r s  have a c l e a r  view of  t h e  s i g n a l s  a t  t h e  junc- 
t i o n  i t s e l f ;  
( d )  The p h y s i c a l  l a y o u t  of  t h e  i n t e r s e c t i o n  s h o u l d  en- 
s u r e  t h a t  a n  a p p r o p r i a t e  number of  t r a f f i c  l a n e s  
a r e  p r o v i d e d  f o r  e a c h  movement, i n  r e l a t i o n  t o  t h e  
o v e r a l l  t r a f f i c  demand f o r  t h a t  movement; 
( e )  Wherever p o s s i b l e ,  t h e  vo lume/capac i ty  r a t i o  s h o u l d  
be a p p r o x i m a t e l y  e q u a l  f o r  a l l  a p p r o a c h e s  and p a r t i -  
c u l a r l y  f o r  t h o s e  a p p r o a c h e s  t h a t  a r e  a l l o c a t e d  t o  
t h e  same phase .  
C l o s e  c o - o r d i n a t i o n  between t h e  d e s i g n  of  t h e  geo- 
m e t r i c  i n t e r s e c t i o n  l a y o u t  and t h e  a s s o c i a t e d  t r a f f i c  s i g n a l  
i n s t a l l a t i o n  i s  r e q u i r e d  a t  a l l  s t a g e s .  A l t e r n a t i v e  methods 
of  i n t e r s e c t i o n  o p e r a t i o n  w i l l  r e q u i r e  d i f f e r e n t  l a n e  a n d  
c h a n n e l i z a t i o n  c o n f i g u r a t i o n s ,  and t h e  c a p a c i t y  r e q u i r e m e n t s  
of  i n d i v i d u a l  a p p r o a c h e s  may d i c t a t e  t h e  number of l a n e s  t o  
be p r o v i d e d .  I t  i s  a  common p r a c t i c e  t o  i n s t a l l  a  p r i m a r y  
and s e c o n d a r y  s i g n a l ,  a t  l e a s t  one p r imary  a s s o c i a t e d  w i t h  
e a c h  s t o p - l i n e  and w i t h  e a c h  s e p a r a t e l y  s i g n a l l e d  movement. 
Two p r i m a r i e s  a r e  g e n e r a l l y  r e q u i r e d  f o r  wide ( t h r e e  o r  more 
l a n e )  a p p r o a c h e s  and f o r  one-way streets .  The p r imary  s i g -  
n a l  i s  i n s t a l l e d  one metre beyond t h e  s t o p - l i n e  and normal ly  
on t h e  n e a r s i d e  ( r i g h t )  of  t h e  c a r r i a g e w a y .  Where two 
p r imary  s i g n a l s  ( d u p l i c a t e  p r i m a r i e s )  a r e  used ,  one is 
p l a c e d  one  metre beyond e a c h  end o f  t h e  s t o p - l i n e ,  see 
f i g u r e  ( 5 . 5 . 2 - 1 ) .  
A d d i t i o n a l l y ,  on wide a p p r o a c h e s  and where t r a f f i c  
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F i g u r e  5 .5 .2-1  T y p i c a l  s i g n a l  p o l e  p o s i t i o n s  ( ~ a u d i  
A r a b i a ) .  
( ~ e p r o d u c e d  from r e f e r e n c e  No.124) 
F i g u r e  5 . 5 . 2 - 2  S i g n a l i z e d  i n t e r s e c t i o n  w i t h  f a c i l i t i e s  f o r  
l e f t  t u r n i n g  t r a f f i c .  
(Reproduced  f r o m  r e f e r e n c e  No.124) 
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(a)  Green F i l t e r  Arrow 
(b)  Separately Signal led Approach 
S l i p  Road 
F i g u r e  5 .5 .2-3 A l t e r n a t i v e  f a c i l i t i e s  f o r  r i g h t  t u r n i n g  
t r a f f i c .  
( R e p r o d u c e d  f r o m  r e f e r e n c e  No.124)  
s p e e d s  are h i g h  and t h e  p e r c e n t a g e  of  heavy commercial  ve- 
h i c l e s  a r e  s i g n i f i c a n t ,  i t  i s  d e s i r a b l e  t o  mount a  t h i r d  
p r imary  on a n  overhead  m a s t  arm. The mast  f o r  such  o v e r -  
head s i g n a l s  s h o u l d  g e n e r a l l y  be on t h e  n e a r s i d e  of  t h e  
c a r r i a g e w a y  one metre beyond t h e  s t o p - l i n e  and t h e  s i g n a l  
s h o u l d  c o n t r o l  t h e  main t h r o u g h - t r a f f i c  o n l y ,  see f i g u r e  
( 5 . 5 . 2 - 1 ) .  
Examples o f  d i f f e r e n t  d e s i g n s  of  s i g n a l i z e d  i n t e r -  
s e c t i o n s  a r e  shown by f i g u r e s  (5.5.2-21,  ( 5 . 5 . 2 - 3 )  and 
( 5 . 5 . 2 - 4 ) .  These f i g u r e s  show a l t e r n a t i v e  s o l u t i o n s  f o r  
d i f f e r e n t  movements a t  t h e  j u n c t i o n  and j u n c t i o n  widen ing .  
T y p i c a l  l a y o u t s  f o r  r i g h t  t u r n  f a c i l i t i e s  ( l e f t  t u r n  i n  t h e  
U.K.) a r e  shown by f i g u r e  ( 5 . 5 . 2 - 3 ) .  Where a  s e g r e g a t e d  
f a c i l i t y  c a n n o t  be p r o v i d e d ,  t h e  r i g h t  t u r n  may be c o n t r o l l e d  
by a g r e e n  a r r o w ,  p e r m i t t i n g  t h e  movement t o  t a k e  p l a c e  i n  
advance of  t h e  main g r e e n  phase  f o r  t h e  a p p r o a c h ,  f i g u r e  
(5 .5 .2-3  ( a ) ) .  L e f t - t u r n i n g  f a c i l i t i e s  a r e  a s  shown by 
f i g u r e  (5 .5 .2-2)  which a l s o  shows s i g n a l  p h a s i n g .  T h i s  l a y -  
o u t  d e m o n s t r a t e s  two a l t e r n a t i v e  means o f  h a n d l i n g  l e f t  
t u r n i n g  t r a f f i c .  I n  b o t h  cases, t h e  median h a s  been o f f - s e t  
t o  t h e  l e f t  on e a c h  approach  i n  o r d e r  t o  maximise t h e  a v a i l -  
a b l e  s t o p - l i n e  w i d t h ;  l e f t - t u r n i n g  t r a f f i c ,  when h a l t e d  a t  
t h e  s t o p - l i n e  , i s  d i r e c t l y  i n  l i n e  w i t h  t h e  o p p o s i n g  l e f t -  
t u r n i n g  l a n e .  T h i s  a r rangement  c r e a t e s  a d d i t i o n a l  c a p a c i t y  
a t  t h e  s t o p - l i n e  w h i l s t  r e t a i n i n g  on e a c h  e x i t  s u f f i c i e n t  
c a p a c i t y  f o r  t h e  s t r a i g h t - a h e a d  f low.  
5.6 - P a s s e n g e r  car u n i t  v a l u e s  a t  s i g n a l i z e d  
i n t e r s e c t i o n s  
I n  o r d e r  t o  a l l o w  f o r  t h e  e f f e c t s  o f  v e h i c l e  t y p e  
on j u n c t i o n  c a p a c i t y  a s s e s s m e n t s ,  t r a f f i c  c o m p o s i t i o n  i s  
e x p r e s s e d  i n  t e r m s  o f  p a s s e n g e r  c a r  u n i t s  ( P C U ) .  . A 
f a c t o r  i s  a p p l i e d  t o  e a c h  t y p e  o f  v e h i c l e  s o  t h a t  it i s  re- 
p r e s e n t e d  a s  a n  e q u i v a l e n t  number o f  p r i v a t e  c a r s .  Capa- 
c i t i e s  of  j u n c t i o n s  a r e  u s u a l l y  e x p r e s s e d  i n  PCU. 
I n  S a u d i  A r a b i a ,  where a  l a r g e  v a r i e t y  of  d i f -  
f e r e n t  v e h i c l e  t y p e s  o p e r a t e  i n  u rban  a r e a s ,  a n  a p p r o p r i a t e  
s i m p l i f i e d  sys tem is  a d o p t e d  based  on t h e  Uni ted  Kingdom 
method and on r e s e a r c h  conduc ted  a t  t h e  U n i v e r s i t y  o f  
Pet ro leum and M i n e r a l s  ( D h a h r a n ) ,  1985.  The p r o p o r t i o n  o f  
v e h i c l e  t y p e s  i n  t h e  t r a f f i c  s t r e a m  v a r i e s  t h r o u g h o u t  t h e  
day w i t h  g r e a t e r  changes  d u r i n g  t h e  peak h o u r s .  I n  t h e  
s t u d y  a r e a ,  b u s e s  c o n s t i t u t e  a smaller p e r c e n t a g e  and heavy 
commercial v e h i c l e s  a  h i g h e r  p e r c e n t a g e  of  t h e  t r a f f i c .  
Pick-ups and m i n i  b u s e s  a c c o u n t  f o r  a n  a v e r a g e  of  2 3 3 ,  
buses  f o r  1 . 9 3 ,  heavy commercial  v e h i c l e s  2 3 %  and motor  
c y c l e s  f o r  1 . 2 % .  E q u i v a l e n t  v a l u e s  o f  s a t u r a t i o n  f l o w  i n  
p c u l s  a r e  i n c l u d e d  i n  t a b l e  5.6 -2 .  Wherever d a t a  on t r a f -  
f i c  f l o w  compos i t ion  are a v a i l a b l e ,  t h e n  s a t u r a t i o n  f l o w s  
a r e  quo ted  i n  PCU, and c a p a c i t y  c a l c u l a t i o n s  u n d e r t a k e n  
a c c o r d i n g l y .  
V e h i c l e  E q u i v a l e n c e  f a c t o r  
P a s s e n g e r  c a r  
Pick u p  a n d  m i n i  b u s  
Motor c y c l e s  
Bus 
2 a x l e  t r u c k  
3 a x l e  t r u c k  
4 a x l e  t r u c k  
T a b l e  5 .6-1  PCU f a c t o r s  f o r  t r a f f i c  s i g n a l  d e s i g n  i n  
S a u d i  A r a b i a .  
(Reproduced f rom r e f e r e n c e  No.124) 
iharacteristic6 of Vehicles per hour per PCU* per hour per 
Approach metre width of stop line metre width of stop line 
A Well aligned, wide un- 
obstructed approach 
exit; little or no 
interference from 
turning traff ic 
B Good visibility, wide un- 
obstructed approach and 475 500 
exit; sibnificant volume 
of unopposed turning 
traffic 
C Speed of vehicles affected 
by alignment on entry or 450 475 
exit: some interference 
from turning traffic 
effects through movement 
D Plow affected either by 
high proportion of turning 425 
traffic or loss of width 
due to obstructions on 
entry or exit, or free 
flow turns 
e Interference to traffic 
from turning vehicles, 
incl. U-turns ; parked 
vehicles impede traffic; 
shared use of lanes by 
turning traffic 
*The above figures are for traffic composition 
of 20%heavy vehicles. 
T a b l e  5 .6 -2  S a t u r a t i o n  f l o w  ra tes  p e r  metre w i d t h  o f  t r a f f i c  
s i g n a l  a p p r o a c h .  
(Reproduced  f rom r e f e r e n c e  No.124) 
CARRIAGEWAY WIDENING IN JUNCTIONS 
Inside Single T w o  L a n e  W i d t h  
Corner Lane (m 
Rad ius Width Tot a1 Inside Outside 
(m) (m) Lane Lane 
Note: In areas where long vehicles (in excess of 15.5m) 
operate, these values will need to be increased. 
Table  5 .6-3 Design v a l u e s  f o r  t r a f f i c  s i g n a l  approach  
w i d t h  s .  
(Reproduced from r e f e r e n c e  No.124) 
O n - s t r e e t  p a r k i n g  o r  any  o t h e r  s i m i l a r  o b s t r u c t i o n  
i n  t h e  v i c i n i t y  o f  a j u n c t i o n  w i l l  res t r ic t  t h e  c a p a c i t y  o f  
t h e  approach .  To a l l o w  f o r  t h e  e f f e c t  o f  pa rked  v e h i c l e s  
a t ,  o r  n e a r  a  j u n c t i o n ,  t h e  f o l l o w i n g  p r o c e d u r e  i s  used:  
- i f  t h e r e  i s  o n - s t r e e t  p a r k i n g  w i t h i n  7 . 5  metres o f  
t h e  s t o p - l i n e ,  t h e  e f f e c t i v e  s t o p - l i n e  w i d t h  i s  re- 
duced by 1 . 7  metres; o r  
- i f  t h e r e  i s  o n - s t r e e t  p a r k i n g  a t  a  d i s t a n c e  g r e a t e r  
t h a n  7.5 metres, t h e  e f f e c t i v e  s t o p - l i n e  w i d t h  i s  
reduced  by: 
1 . 7  - 0.9 ( Z  - 7 . 5 ) / g  metres 
where g  i s  t h e  g r e e n  t i m e  i n  seconds  and Z i s  t h e  d i s t a n c e  
of  t h e  n e a r e s t  pa rked  v e h i c l e  from t h e  s t o p - l i n e ;  t h e  re- 
d u c t i o n  i s  o n l y  made i f  t h e  v a l u e  of  0.9 ( Z  - 7 . 5 ) / g  i s  p o s i -  
t i v e .  
A number o f  e x p e r i m e n t s  have been conducted  t o  
e s t a b l i s h  s a t u r a t i o n  f l o w s  i n  S a u d i  Arab ian  c o n d i t i o n s  ( 1 .  
A methodology based on U . K .  and  U.S.A. p r a c t i c e  h a s  been 
developed t o  re la te  s a t u r a t i o n  f l o w  t o  t h e  t o t a l  v e h i c u l a r  
f l o w  on  any approach  under  a  number of d i f f e r e n t  c o n f i g u r a -  
t i o n s ,  t r a f f i c  mixes and p r o p o r t i o n s  o f  t u r n i n g  t r a f f i c .  
With in  t h e  Kingdom, approach  w i d t h s  (number of  l a n e s )  a r e  
f r e q u e n t l y  r e l a t i v e l y  l a r g e  and  l a n e  d i s c i p l i n e  i s  g e n e r a l l y  
poor .  T h i s  r e s u l t s  i n  more v e h i c l e s  a t  t h e  s t o p - l i n e  t h a n  
t h e  number o f  marked l a n e s :  s t o p - l i n e  w i d t h ,  r a t h e r  t h a n  
t h e  number o f  l a n e s ,  i s  t h e r e f o r e  a  more r e l i a b l e  i n d i -  
c a t o r  o f  t h e  c a p a c i t y  o f  a n  a p p r o a c h .  A s  a r e s u l t  of  t h e  
s t u d y ,  t a b l e  (5 .6 -2 )  shows o b s e r v e d  s a t u r a t i o n  f l o w s  f o r  
a p p l i c a t i o n  i n  d i f f e r e n t  c i r c u m s t a n c e s .  
The f i g u r e s  q u o t e d  i n  t a b l e  ( 5 . 6 - 2 ) ,  which are 
s i g n i f i c a n t l y  lower  t h a n  e q u i v a l e n t  v a l u e s  of  s a t u r a t i o n  
f l o w  a d o p t e d  i n  t h e  U . K .  o r  t h e  U.S.A., re f lec t  l o c a l  con- 
d i t i o n s ,  t r a f f i c  c o m p o s i t i o n  and d r i v e r  behav iour .  I t  i s  
i n t e r e s t i n g  t o  n o t e ,  t h a t  d e s p i t e  a n  a p p a r e n t  e f f i c i e n t  u s e  
of  r o a d  s p a c e  by v e h i c l e s  crowding t h e  s t o p  l i n e ,  t h e  s a t u -  
r a t i o n  f l o w  r a t e  f a l l s  o f f  r a p i d l y  a f t e r  t h e  i n i t i a l  d i s -  
c h a r g e ,  a s  v e h i c l e s  form a  more o r d e r l y  queue.  The s a t u -  
r a t i o n  f l o w  i s  a l s o  a f f e c t e d  by v e h i c l e s  making t u r n i n g  
manoeuvres from a n  i n c o r r e c t  l a n e ,  t h e r e b y  impeding t h e  rate  
of  d i s c h a r g e .  
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APPENDICES 
Appendix A 
Description of equipment used 
Video Camera 
The colour  video camera (GX-N70E JVC) w a s  used 
throughout t h i s  r e sea rch  s tudy.  The camera i s  equipped 
with remote c o n t r o l  f a c i l i t y  and quick-response i n f r a -  
red auto-focus system. The camera has a 2-speed, 8X 
power zoom l e n s  f o r  smooth zooming from wide-angle t o  
t e lephoto  and v i c e  ve r sa  which can be operated automati- 
c a l l y  o r  manually. An important  f e a t u r e  of t h i s  co lour  
camera i s  t h e  e i g h t  page t i t l e  f a c i l i t y  and t h e  d a t e  
and e lapsed time which can be super-imposed over  t h e  
scene being recorded us ing  t h r e e  co lours ; red ,  b lue  o r  
green. The e lapsed  time is d isp layed  a t  t h e  t o p  l e f t  
of t h e  screen wi th  an  accuracy of l / lOth  of a second a s  
shown below: - 
* The elapsed time is displayed a t  the top left of the screen. 
It is displayed as it is displayed in the form: . 
houn: minutes: seconds: 1 /lOttrs of seconds 
(Example: 9:59:59:9) 
0~00~00~n 
9 hours, 59 minutes 59.9 seconds is the maximum time that can be displayed. 
Scopnotch display a m  
The colour  video camera l enses  are powerful and newly 
developed wi th  ul ta-high s e n s i t i v i t y  wNewviconn which 
al lows recording wi th  a minimum i l l umina t ion  lux  
(1 foo tcand le ) .  The camera i s  a l s o  equipped wi th  uni- 
d i r e c t i o n a l  e l e c t r e t  condenser microphone which has 
high sound s e n s i t i v i t y .  The e l e c t r o n i c  viewfinder 
incorpora tes  a 1 "  black and white CRT. The scene 
being sho t  can be monitored t o  determine c o r r e c t  ex- 
posure ? focus , composition, b a t t e r y  powercheck and 
e l a p s e d  t i m e .  I t  can  a l s o  be used t o  moni tor  playback.  
P o r t a b l e  Colour Video Cassette Recorder  
The (HR-2200EG/EK JVC) c o l o u r  v ideo  cassette 
r e c o r d e r  was used w i t h  t h e  a f o r e  mentioned c o l o u r  v ideo  
camera. The r e c o r d e r  i s  ex t r eme ly  compact and l i g h t -  
weight ,  it i s  e a s y  t o  use  and b u i l t  t o  t h e  VHS format .  
I t  has  a f l e x i b l e  t h r e e  power supp ly  arrangement ,  ex- 
c l u s i v e  Ni-Cd r e c h a r g e a b l e  b a t t e r y  pack,  (household  AC 
and car b a t t e r y ) .  The HR-2200EG/EK employs VHS t y p e  
cassettes o n l y ;  E-180 f o r  3 hours ,  E-120 f o r  2 hours ,  
E-60 f o r  1 hour and E-30 f o r  30 minutes  of r eco rd ing .  
The r e c o r d e r  has  f u l l  12-mode remote c o n t r o l  o p e r a t i o n  
and f e a t h e r - l i g h t  touch  push-but ton o p e r a t i o n  due t o  
microprocessor-based f u l l - l o g i c  t a p e  c o n t r o l .  Also 
t h e  r e c o r d e r  i s  equipped w i t h  newly-developed slow 
motion mechanism f o r  producing c l e a n  slow motion 
p i c t u r e s ,  s h u t t l e  s e a r c h  f o r  qu ick  p i c t u r e  s e a r c h  i n  both  
d i r e c t i o n s  a t  abou t  1 0  t i m e s  t h e  normal speed ,  and 
aud io  dubbing f a c i l i t y  provided t o  r e c o r d  sound t r a c k  
on pre-recorded t a p e s .  The r e c o r d e r  may be connected 
t o  most TV r e c e i v e r s  due t o  t h e  b u i l t - i n  R F  c o n v e r t e r .  
The r e c o r d e r  has  a t a p e  running  i n d i c a t o r  f o r  e a s y  
v i s u a l  check of t h e  t a p e  running  c o n d i t i o n  and LCD 
(L iqu id  C r y s t a l  D i sp lay )  t a p e  c o u n t e r  w i t h  memory 
f u n c t i o n .  
Tuner/Adaptor 
The tuner / adap to r  (TU-24EK) s e r v e s  a s  a n  AC 
power adap to r  f o r  t h e  HR-2200EK p o r t a b l e  r e c o r d e r  and 
quick-charging f u n c t i o n  f o r  t h e  NB-P1 rechargeab le  
b a t t e r y  pack i n s t a l l e d  i n  t h e  HR-2200EK. The TU-24EK 
i s  equipped wi th  c lock/ t imer  memory-hold system wi th  a  
b u i l t - i n  r echargeab le  b a t t e r y  f a c i l i t y  and 12-channel 
e l e c t r o n i c  TV t u n e r ,  having push-button ( f e a t h e r - l i g h t  
touch)  channel  s e l e c t o r s .  
AC Power Adaptor 
- The AC power adap to r  (AA-P22EG/EK JVC) i s  used 
e x c l u s i v e l y  wi th  t h e  HR-2200 EG/EK p o r t a b l e  v ideo  
c a s s e t t e  r e c o r d e r  from an  AC household o u t l e t .  The 
AA-P22EG/EK i s  a b l e  t o  recharge  two NB-P1 b a t t e r y  packs 
i n  s e r i e s ,  f i r s t  t h e  one i n s t a l l e d  i n  t h e  r e c o r d e r  and 
t h e n  a u t o m a t i c a l l y  t h e  o t h e r  i n s t a l l e d  i n  t h i s  adap to r .  
Colour Monitor 
The VM-20 PSN(G) co lour  monitor was used t o  
d i s p l a y  recorded t a p e s .  The 20-inch monitor sc reen  
a l lows c l e a r  p i c t u r e s  dur ing  f i l m  a n a l y s i s  i n  t h e  
l abora to ry .  The monitor i s  equipped wi th  decoders  f o r  
PAL, SECAM, NTSC 3.58 MH2 and NTSC 4.43 MH2. Also it 
has automat ic  swi tching  between co lour  systems wi th  
manual over- r ide  and a  panel  c o n t r o l  t o  a d j u s t  b r i g h t n e s s ,  
v e r t i c a l  hold ,  co lour  c o n t r o l ,  co lour  c o n t r a s t  and NTSC 
t i n t  c o n t r o l .  
Appendix B 
Sample of input data 
THOENTON XIAD / WETLEY LANE TRAFFIC SIGNAL 
( (  B,'-IADFOf7D 1 )  
MAIi4 DATA F I L E  
~********************************+*********.*******+********* 
* SE2IAL GREEN f 
* CIO. TIME X 1 X2 X 3 X4 X5 X6 X7 * 
............................................................ 
I 24.26 10 2 2 2 2 1 2 * 
* 2 24.70 9 3 2 2 1 2 1 * 
* 3 22.32 12 1 2 1 1 1 2 * 
* Ci 2 3 . a  12 3 0 2 1 2 1 -k 
5 21 -94 0 '3 2 2 2 2 2 7  
9 I  3 1  .k 6 244.47 2 2 2 7 
* 7 21 025 12 2 2 0 I 1 2 -; 
* 8 25 a 2 0  13 3 3 2 1 3 2 * 
9 22.00 a 2 2 2 2 0 3 * 
k 10 . 2 3 - 8 3  3 3 2 2 2 3 3 
* 1 1  21 -56 9 2 2 1 0 2 2 * 
* 12 ' 22.54 1 J 1 2 2 1 2 1 i 
3 2 3 2 - 26-07 1 .k 1 3 L: 4 lr 
.k 1 4 23.34 12 1 3, 2 1 1 2 -* 
* 15 24.24 13 2 2 2 I 1 0 
+ 1 0  23. rja 12 I 2 2 .  2 o 2 
:r 1 -1 25-13 14 I 2 1 0 2 2 .:: 
2 3 - 4 4  12 3 0 2 1 1 7 * Id - .-
I I 2 2 i) 1 2 - * 19 21 ..id L C 
.i 2 0  24- 94 12 2 2 2 d 2 1  - 
21 27.34 13 I 2 3 2 1 2 ::. 
k 22 25-41 10 4 3 2 1  13 I .k 
* 23  25-30 1 1  1 4 2 1 2 i) .+ 
k 24 30.13 15 3 2 2 1 2 1 .i- 
2 2 2 0 3 :c 25 39. 4 3 13 2 . -  .
- 20 ii. 99 12 2 1 .  3 2 3 I 
;. 27 2*.34 1.3 :3 2 3 1 3 t 
21-3 ;17.40 13 2 2 3 2 0 I -4 
k 29 25-44  8 5 c) 3 I 3 2 ..t 
* .3r) 22 -98 1 c) 4 j n 2 2 0 .:? 
k -3 I 2 7 . ~ 1  12 3 3 2 I :I 2 + 
k 32 2/.1c> i 3 2 1 3 - 3 I  2 * 
23.55 I I 2 1 1 2 .: j 3 2 2 
:< 34 XI. 1 0 I rj 2 z 2 :J 3 I 
* 35 25 .43 12 1 3 2 1  9 2 i 
It 30 2'4 035 14 1 3 2 I 1 1 i 
.'c 3 '7 2.3- 90 1 0  O !I 4 1  4- 3 (1 ? . - 
+ 38 j 1  -42 14 2 2 1 3 2 ' P 
.3Y 25 .u;r 9 -r 4 2 3 0 1 1 .- 
K .  . . :2Ll .:23 l i) 3 2 1 1  3 .'_ 
, 41 2 3-32 1 3  3 I I I 2 1 .C 
k 42 ?5.59 1  I 4 2 2 1 2 !) .:r 
* .,3 2 . j  -54  1 4 2 3 1 2 C 3 2 .:: 
.. 
i i4 < . + . 5 3  12 1 3 2 1 1  I .i 
;: 15 4 I . 1 1.1 2 -! '.I 2 2 t- C 
.: . !o ,: / .;:I : 2 Ci 3 .t 1 i j  2 
,. - 
,7 ~2 .:>\j I L 3 2 2 I 2 , I   ,
c ~3 .- .-  3 1 45 1 1  1 3 1 2 3 I -  3 i 
.r , I  ,,I ; .!. .?(I 1 4 t- > 2 'J 1 I 1 ..r 

MAWINGClhM LANE / MARLBOROJ.JGti RD, . TRAFFIC S I G N U L  
M A l N  DATA FILE 
****+rtrht.m***-**--**-***a*-+.+********** 
* SERIAL GREEN * 
* NO , TIME -X 1 X 2  X 3  X 4  X 5  X 6  X 7  * 

A A I I J  DATA t I L 2  

HEAD1 W E Y  - LANE /. W?XWiWSE ST* T-RAFFLC .-SGWL 
- -- - 
. . . .  :* ,- .-*. . a : - .  ' j 7  -2,- - :). - ,& -  
.SL< --- 26 076 - .a * - -  
+ ... ,53 . .  24,484 .. 14 ....a 2.- ... 1 ..-; . &. ..... .J . .L. ..-.. ) .:.... 
* % . .28, .U . la 3 2 3 2 * 
.. . . .  ..... . .. ....... . . . . .  * 55. 15. .2 2 3.: -:: I . . I , .  j: .... ..*. 
-4 .... 56 . . .  a&+- ..... J9  . 4. . , ,  .....2...,. :.,.2;- ... .2 . .:..a .;--..A 
* 57 . 2 7 , 1 8  16 B .  8 ' 4  1 1 * 
. . .  .. . ........ . . - .  .* 2 4 a  .,-1.5... - . 3  -,.2.-.. : . I  .& .-a. -. .+I 
. .  . . .  . . .  . .. .. 
. .+ .59. =' :***9# . ) Q -  ,. : !- * ........+..&& .--.a ;f -... 2 * 
+ .... 68. -- 2&,W ...... & :)S . %T. ..- r3 .- . .z. ...... 1 . .  ....... 1. .... ,, 
* 41 28 72 15 2 2 3 2 1 Q 
- .. . . . .  62 27.,= . - -  ).*. ' . . .Y. I . .  ..:),:... .-a - . ) .  ..-.... t . .  +z 
..* b ~ .  -. a8.1+~. 19.. . 2 ... . . .  2: . . . .  :-F .......................... . .. ... . .  . 
+ U 29047 17 1 3; : ...; k. &.z. -,,+ * .2 '.A. .#.-. -4.  -- , . a- - 
.-. . *., .e:: . .,-a7 . . . .  lb... . .  -2 . "  '2 3 3 2 
. .  - + :. &. . 2-7 , 1.3.. . .  .) 4 . . .  $2 :.a . -..* ....... .&. ....... :.I, . 1 %  .. t ....... *. ... 
. . . .  ....... .-...... .: a. - ..+ 67. rtd;)r3 . , ,J 4 &;... 3.- .;. . .I .  ..C.. .I2,. ...2...--...a. 
+ 6 8  270 H 1 6  I 1 3 2 - 2 
... .+. 69- ...... 27.*14.. . . .  s*: . .  .A. :.- . .  ..ad . . .  t. . . . .  ,,.a. --.. 4. . -... h.. 
- - +  ...... z*..; .. 27m-32 . . . .  ...-.:-.#b .:.&-; . 2 .  ..:.3-.-. ..a ..... ..,.La-, ..... @.. .  I . * - . . .  
-. . . 
.& ., ?+. .a .  -. =,63,:-1. 14 2 -J : - .  - - 2 , . .  . J . : .  ...-.2 :.a. 
. .  .. * 12 . 29.-72 . l-8 I J 3...1,. ,.:!..a L.2. r ~ .  
* - . . . . .  73. ............. 1.7" . . .  2 ..... ,-*-lk 1 I T * 
: ..+..,. . 7 4  ... 28.26, . - J @ . . .  . - . . I . .  . . , ; -J . . - . -  3 - .  . 1 . . + . . . - I  -.- . f 
. * . ..... 2 ~ , # 7 - .  .-. ) 5 ... j..  . .  83 :.. 2 . -  - -  4,: ...... * 
* 71 . . 3e.4 1.8 2 2 2 2 2 * 
*. m... .. . -.... .. . .. 29:-.,..: .I.&. f .  3 -- 4...-.-.- .-2 ? -  ,* - 
. . . . .  .. ... * ; 7.B 27-56 . 1 5 -  3 .a 2 . . , . I . .  r 
+ . 39 28.087 17 1 3 3 I J * 
.... .. .... .. a 8 0 .  27-77 :. I 4  4 J .  -2. b. 3 .. 
.. .. .... ... +. 81 . a  29,43... ...P3:- .3. -...3 ....-.. 3 .-. 1 J.. ,..-h. k 
. . . . .  . . . .  .... 
.+ . .a2 -.. 2k.516. 19 -. +; J . . . .  2 2.. -..C -.a,.- 
* 83 27.13 17 2 2 1 1 2 * 
.. . . .  ... . +  a4. -27. *.75 - . . -1 8.- -3 2. .-. ),'..*. , 1. .- * 
.... . .. *. 485 1.3. 3*;-. , , . s t 3  .3 . * -2 .  . . - . * I  -6..  . .  . .  -.. . . . 
. ... ..  
..... ~t .86 3a.32, .)o-. . . - * I  1 ...3 . 1  - . - z .  d. 
+. . .g ,~* .  .. '24.94 17 2 2 3 1 1 * 
. . . .  .:.. - .  ...: ......... . ...- 
. . *. 8 8 .  .. 3,.9.t.--.. -.,.- 1.3. 2 3 .  2.. - $  2 * 
. . 89 .-...=a- - i & . -  .2. . :3..: . .* ... 2 ,a .... * - 
. .  + 29-56 1.7. . 2. . . . . .  .2.. .... 3 . . .I , .  ....I, -.....- a. 
* 9.1. .# 29.- 13 4 2 3 I) 2 * 
-.. ). 92 29 , $8 ..  .-.I 9 .:- ... .2 . . . .  1 .......... +- .. 2 .. .-, ...-..Me 
: .  .... ...... ....... . .  . . .  *. 9 3  , 3 2 9  .I5 3 . . 3  .2< -2 ). -:*. 
ct 94 3 l . a  .I 6 3 2 3 2 2 *. 
...... . .  ..... . . .  . .+. . 95 - 38-53 . 15 -.2 3 A .a ..:t 2.. +, 
. .  . . . .  ..... .... ....... ........ 
. +- ,96 28. a3 1 6 .  -. p.  -..,3 2. + . . . I  +n 
.... .. . ... . .. ....-....... ..... . * 97 a&TZ-.. -,15; -2. .) I - * 4- .-a &-;. 4. 
* 9.8' 26.-Q8 15 2 2 3 I t 
.... . . . . .  . 99 - 2e,72- . 1.5 :z --2 ----&..-. .2 ...&.,. .- *.- 
. . *  . )W - -  Xe&7  .2.].6 --.-- ~.* .~."t . *~r \ . , .  a &....-4 : C . d  .,.-. 
* 
- ,+c+rt-''- 
.-.,- J I W I I P - * - t - b  
*-*w**+M***++tu* 
. . , :. . ******.+*+~*******.*.- 
*2*..-#.- 7 I-" . t 9 u -  
=aIaII I .w=PIP=UI=I 
STHEAThAIA ri ILL / STAEATIIA~A PL. TRAFFIC' SI  GNAL 
, d A I l J  DATA FILE 
LC) / / / 13:3c 
------------------____ 
...................... 
22.2+.41 .iJc;LP, C2, ; ( ' / I  LiJ * 9 . I 2;riL!.rS. 
CHRISTCHURCH / STREATHAM HI LL.. TRAFFIC SI GNAL 
. MAIN DATA FILE 
~ * * ~ * * . r w r * ~ . f 7 t * * * * * - . * * * - e * * * * * f 7 t * *  
* SERIAL GREEN * 
* .. fU). TI ME X.1 X2 X 3  X 4  X5  . X 6  X 7  * 
*1=¶~111==1============~==========:=====3===================* 
* 1 23 e.65 12 0 2 1 J 2 3 * 
* 2 21 .50 9 2 0 2 1 3 2 f 
* 3 22.93 13 1 2 0 2 1. 3 * 
* .4 22.40 10 3 2 I 0 2 1 * 
* 5 23.65 14 2 1 2 1 0 I * 
e 6 22.00 1 1  1 2 2 .I 2 0 .rt. 
* 7 25.75 12 2 1 3 1 2 1 -k 
k 8 24.70 14 1 2 1 I I 2 x 
.rt 9 25.50 I3 I 2 2 1 2 1 :t 
+ . 1 0  24. la 1 0  2 2 .I 2 2 3 * 
* 1 .I 28 .a5 9 3 2 3 2 3 2 9 
* 12 24 00 1 1  2 I 2 2 I 1 * 
~lr 13 21 -60 I I 2 2 .I 2 '  2 0 -k 
* IS 24-20 12 1 3 1 1 0 3 * 
* . 15 27 -05 9 3 3 2 0 2 2 * 
.c 16 22 55 14 1 2 0 -1 I 2 t 
* 17 23-05 12 2 0 2 .I 2 2 * 
* 18 26 -33 1 1  0- 3 2 2 2 3  * 
* 19 21 040 14 1 0 1 I I 2 * 
* 20 21 055 1 1  3 2 0 1 2 1 -k 
13 1 2 0 2 2 2 1 24.55 -- .* .I 
* 22 21 -25 10 2 2 2 I 0 1 .A 
* 23 23.55 10 2 I 3 1 3 0 .& 
* 24 24.70 13 1 2 1 I 2 2 * 
* 25 25 -25 12 2 I 2 1 2 2 + 
* 2d 20 -75 13 1 3 1 2 2 2 * 
* 27 25.55 12 2 2 2 1 2 I -ii 
1 0  o j 2 2 3 3 -k 28 2 0 . W  -- 
* 3.9 2cj.2a 1 4  I o 3 I 2 2 - 
* 30 20.05 1 1  2 1 0 1 2 2 ~lr 
* '3 1 23.75 I I 2 3 1 0 2 1 * 
~t 32 24.95 14 I 1 2 1 0 3 * 
* 33 23.20 13 1 2 2 1 I 0 f 
* 3 4  2 3  .OE 3 3 2 1 2 3 I * 
35 12 I 2 1 2 2 3 * ?5.1 3 - . . 
* 3 d 25.7tl 12 1 3 1 4- 3 ? 2 :'z 
* 37 24.37 12 1 3 I 1 I 2 * 
R 3 8 24.r37 1 4  I I 2 I I 2 9. 
* 3 9 26.27 1 1  2 2 3 1 2 I * 
* W 23.22 13 1 1 I 2 2 2 i 
f 4 1 24.77 10 2 2 2 1 3 1 w 
.'r 42 - 24.22 i 2 1 I 2 1 2 ' 2 -+ 
12 1 c 4 3  . 25.00 2 2 L- 3 I 3 6- .I. 
* 44 24.45 14 I I 1 2 2 2 * 
;C 45 26-52 14 I 2 2 I 2 1 * 
* 41 27-17 1 4  I 1 2 1 2 3 * 
* 47 20 -30 13 I r) 3 1 2 3 * 
TT 43 22.18 to 2 2 (I 2 3 2 + 
k 4 9 25 40 12 1 2 2 3 2 2 x 
4- 5 0  21 04.5 9 3 2 2 1 0 1 k 
k 5 1 77-04 9 3 '3 3 1 7 n i 


Sample of computer output 
Co)4i~ll-l-:II CEII-IIE 
1114 1 Jt ' l lSI TY UF Ui{AL)FoltD 
S P S S - - STATISTICAL PACKAGE FOll M E  SOCIAL SClEIlCES 
VEiIS1ON 8.3 (IJOS 12 - MAY 04 .  I9U2 
376500  CM )!AX IMUM F I E L D  LEtiG-H REOIIES- 
RllN NAME REGS I 
VARIAUI-E L I S T  A,Y.XI 'IN X7 
I IJPII- F ~ R ~ A A -  FHEEF I a n  
N OF CASES l 00 
.O54 SECONDS 
REGRESS I ON VARIAIILES=Y .X I -0 X7 
UEGUESSION=Y WIM XI n) x 7  
OP* IONS I V 
STAT1 STICS A L1- 
K A I )  INPI IT  DATA 
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I 1  I O i l  I I 1 0  
I~ I I :~ I~ I~ I~  :)I: EI{,{~)I{!; 1)E'j.EC.n:l) 
,. 
0 
I 4 - 5 2  . I 2 .  I I(:! .P, 42!. xLlu! a,&- - - - - -. . . - - - - - -  - - - - . ; . , : : . . . . . . . . . . . . . . - .-. . . .- . ' . 
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*. 20. !{-I I0 I 2 1 2 I 2 
. j .?I . 42 '> 2 I 3 '3 2 I 
.; ;?o. I ') '; 0 3 1 3 ;> ? 
> I Y .  1 )  I I I 0 3 I 1 <. I 
,'O. : J 1 1 i 2 -1 ;! 2 I 
I 34. 1.1 I ;' I 2 3 I I ;? 
. ) .! .I . ;! .1 1 .1 ) 3 2 I I i 
.) 2 3 .  '1;i I 2  I 2 3 ;? 0 2 
1.J ,?!i. I I -1 I 2 I n 2 2 
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I . I  : ) . I .  ,$.I I . j  1 3 2 I > 
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I I > J 
. . ;' 1 . 1 0  I I I 1 I 2 
.! j i [ * .  1.1  I i. 3 8 j ( )  3 I 
' 1  . , I :  . 1 ' 1  1 ;  I J I I I 
r - 6
I1 Z - 
m z  - 
Lu- .r, Lcn 'A P c n  I., -
a w  5 
.-.I = 5 
0 ' 3 





X X X X X X X  < X X X X X X X  
i O . V . ; u N -  > 2. L 3 -' '- k - 
Z 
c. 
- - -  - -  
V J W V l O . " ~ L C  7 ~ ~ - ' d L , ? d c  
I I rn --~ooc;a 
- 
AV193;=;- 
. . . . .  - - m a m 2 *  
oozoc - c S 9 ~ a r 5  
O C O C O  - * <-L.-zs3s 0030- - ~ - N . U ~ C ; ; ,  
UlUNCh: IT ST T .T ,T fl ~7 
N e G L  X - I I I i A A , i  
> 3ZC--,, 
. . 
3 3  
3 3  
3 N  
NO. 
. . . . . . .  
r f - 9 -  
=s-v:2: 
- . 7 m v c f  N- 
- 
cum 
a 2 V;s - 57 - 3










> -  - 
- *
-2 a - 
Z> 3 
- '3 
L: '.3 '2 
-'A=. 3.z 
-- - 3  
I L? I *2 x - 
='a- = 
- -* 
- - -   err. 2 2  
- -  I-= 
= 1= 
- 






- - 3  
'I: --. 
- 
- L C  
, . . 
- -  - 
. .- 
- -- 8 .  - 
- 
. . 







x x x x x x  





* - r;. 
i., C, 





1 I . .  
X X X X X X  2.uGurc- 
< 
- 





- I . ,  
,-. . = - a- 




























- * T z- 
, . . - 
- 
. 
- * 6- g. 















. . . .  w . .  
n 3 Z - N  
3.w-NO 
C C C O C  
3 3 C 3 C  
----c 
. . . . .  
- .- Y > 
Y X X X X X X  
FINISH 
